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e Mathews Hydrants are 
built to last. They are so 
simple and well con- 
structed that there’s vir- 


tually nothing to go wrong. 


Maintenance ts easy, too. 
Operating thread be 
lubricated during spring 


and fall inspections. 


® When the time comes to 
modernize, it is a simple 
matter to remove the old 
barrel and replace it with 
a modern one. The job is 
done in a few minutes 
without digging or break- 


ing the pavement. 


No Other Hydrant 
Offers So Many 
Essential Features 


Compression type valve prevents 
flooding « Head turns 360° « Re- 
placeable head « Nozzle sections 
easily changed e Nozzle sections 
easily raised or lowered without 
excavating « Protection case of 
“Sand-Spun”’ cast iron for strength, 
toughness, elasticity »« Operating 
thread only part to be lubricated 
e All working parts contained in 
removable barrel « A modern bar- 
rel makes an old Mathews good as 
new e Available with mechanical- 
joint pipe connections 


Installed in | 
| oF | 


AMERICAN WATER WORKS ASSOCIATION 


COPYRICHT, 1953, BY THE AMERICAN WATER WORKS ASSOCIATION, INC. 


Contents 


Cement-Mortar Linings and Coatings for Steel Pipe........... R. C. KENNEDY 113 z 
Cost Control—Building Net W. Vicror Weir 


lon-Exchange Treatment of Water Supplies 
JosepH THOMPSON & FRANCIS McGarvey 


Water Authorities in Pennsylvania 


History and Present C, Braucner 153 


Changes in Authority Bond N. Fisuer 158 


Cancellation. of Specifitation for CA-50 169 


Selection of Pumping M. Nives 


American Standard Specifications for Cast Iron Pipe Centrifugally Cast in Metal 
Molds, for Water or Other Liquids...ASA A21.6-1953 (AWWA C106-53) 189 


American Standard Specifications for Cast Iron Pipe Centrifugally Cast in 
Sand-lined Molds, for Water or Other Liquids 
ASA A21.8-1953 (AWWA ©€108-53) 


Departments 
Officers and Directors........... 2P&R_ The Reading Meter.. 52 P&R 
Coming Meetings...............- 10 P&R_ Section Meetings..............-. 80 
Percolation and Runoff.......... 33 P&R Index of Advertisers’ Products... 90 P&R 


Reproduction of the contents, either as a whole or in part, is forbidden, unless specific permission has 
been obtained from the Editor of this Journat. The Association is not responsible, as a body, for 
the facts and opinions advanced in any of the papers or discussions published in its proceedings. 


Indexed annually in December; and regularly by /ndustrial Arts Index and Engineering Index. 
Microfilm edition (for Journat subscribers only) by University Microfilms, Ann Arbor, Mich. 
All correspondence relating to the publication of papers should be addressed to: 

Harry E. Jordan, Secretary—521 Fifth Avenue, New York 17, N.Y. 


$7.00 of members’ dues are applied as a subscription to the JourNAL; additional single copies a 
to membhers——50 cents: single copies to non-members—75 cents. el 


: 
Wine 
February 1953 
Vol. 45 * No.2 

ad 
t 


q 


rae AMERICAN WATER WORKS ASSOCIATION 


521 Fifth Avenue, New York 17, N.Y. 


(Telephone: MUrray Hill 2-4515 


President 


A> & 


Past-P resident 
Vice-President 
Treasurer 
Ch. W.W. 
Ch. W.W. Admin. Com. 
Ch. Publication Com. 


Alabama-Mississippt Sec. 


Arizona Section 
California Section 
Canadian Section 
Chesapeake Section 
Cuban Section 
Florida Section 
Illinois Section 
Indiana Section a 
Towa Section 
Kansas Section 7 
Kentucky-T ennessee Sec. 
Michigan Section 
Minnesota Section 
Missouri Section 
Montana Section 
Nebraska Section 

New England Section 
New Jersey Section 
New York Section 
North Carolina Section 
Ohio Section 

Pacific Northwest Sec. 
Pennsylvania Section 
Rocky Mountain Section 
Southeastern Section 
Southwest Section 
Virginia Section 

West Virginia Section 
Wisconsin Section 


Manufacturer 
Manufacturer 
Manufacturer 


Secre tary 
E eC. 


Practice Com. 


Asst. Secretary 
Asst. Secretary—P ublications 


INCORPORATED 


Board of Directors 


Cuarces Capen, Wanaque, N.J. 
A. E. Berry, Toronto, Ont. 

M. B. 
Wittram W. Brusu, New York, N.Y 
Louts R. Howson, Chicago, II. 
WeENDELL R. LADue, Akron, Ohio 
RicHArD Hazen, New York, N.Y. 


ArTHUR N. Beck, Montgomery, Ala. 
Joun A, Phoenix, Ariz. 

L. W. Grayson, Glendale, Calif. 
W. D. Hurst, Wi innipeg, Man. 
Epwarpb S. Hopkins, Baltimore, 
Luts A. Nunez, Havana, Cuba 
C. F. Wertz, Miami, Fla. 

Frep G. Gorvon, Chicago, III. 
Lewis S. Frncu, Indianapolis, Ind. 
Dace L. Marritt, Des Moines, Iowa 
H. H. KANsTEINER, Leavenworth, Kan. 
B. E. Payne, Louisville, Ky. 
E. NorMAN, Kalamazoo, 
R. A. THuma, St. Paul, Minn. 
WarreN A. Kramer, Jefferson City, 
Joun B. Hazen, Butte, Mont. 

Joun W. Cramer, Lincoln, Neb. 
Ricuarp H. Excis, Boston, Mass. 
G. Banks, Newark, N.J. 
Reeves Newsom, Scarsdale, N.Y. 
Georce S. RAwtins, Charlotte, N.C. 
A. A. Utricu, Massillon, Ohio 

FreD MERRYFIELD, Corvallis, Ore. 
Expert J. Taytor, Philadelphia, Pa. 
Cuarves G. CALDWELL, Santa Fe, N.M. 
Rk. B. Simms, Spartanburg, S.C. 
Epwarp R. Staptey, Stillwater, Okla. 
X. D. Murpen, Portsmouth, Va. 


Md. 


Mich. 


Henry W. Speiven, Morgantown, W. Va. 


Haroip Lonpo, Green Bay, Wis. 


C. SuHEeRwoop, Boston, Mass. 
REGINALD F. Hayes, New York, N.Y. 
Husert F. O’Brien, East Orange, N.J. 


Administrative Staff 
Harry E. Jorpan 


RayMonp J. Faust 
Eric F. JoHNsON 


CUNNINGHAM, Oklahoma City, Okla. 


Mo. 


to 1954 


-1953 
-1953 
-1953 
-1953 
-1953 


-1953 
-1953 
-1954 
-1955 
-1954 
-1954 
-1954 
-1954 
-1955 
-1955 
-1955 
-1953 
-1953 
-1954 
-1955 
-1954 
-1953 
-1953 
-1953 
~1953 
-1955 
-1954 
-1953 
-1953 
-1955 
-1955 
-1954 
-1955 
-1955 
-1955 


-1953 
-1954 
-1955 


Journal A.W.W.A. is at Prince & Lemon 

521 Fifth 

1943, at the Post Office at Lancaster, Pa., 

necial rate of postage provided for in oe (d-2), Section 34.40, 
. & R. of 1948. 


Water Works Assn., 4 
matter Jan. 23, 
Accepted mailing at 


Lancaster, 


Ave., New York 17, N.Y 


Authorized Aug. 6, 


Copyright, by the American Water Works Inc. 
Made in United States of America 


2PER 


under the Act of Aug. 24, 


Pa., by the Am 
, and entered as second class 


1912. 


= 
$¢ 
| 


Feb. 1953 


(0 NCRE is the answer to YOU" main problem 


ABOVE: Continuous walls of 
dense, smooth concrete which 
nnot tuberculate or corrode 
ure permanent high carry- 


Tuberculated mains—corroded mains—leaky mains 

~—all cost municipalities, taxpayers and industry 

immense sums every year in added pumping costs, 

maintenance and repairs. Yet, by the use of Lock ABOVE: The tuherculated condi 

Joint Concrete Pressure Pipe, all of this unneces- —ti55, of this metallic pipe reduces _ 
sary expense could be eliminated. its carrying capacity 50%. a. 


1. LOCK JOINT PRESSURE PIPE 2. LOCK JOINT PRESSURE PIPE 


does not tuberculate... does not corrode... 


a No excessive pumping costs No cost for major repairs 
RESULT No periodic cleaning costs RESULT No cost for periodic patchwork 
No loss of income from inade- ) No loss of revenue while the 
quate delivery of water. line is closed for repair. 


& Consider these facts when you plan your next water supply or transmis- 
_ sion main and specify Lock Joint—the pressure pipe of perpetual economy. 


Est. 1905 
P.O. Box 269, East Orange, N. J. 


Pressure Pipe Plants: Wharton, N. 
Turner, Kan. * Detroit, Mich. ¢ Columbia: 8. C. 


7 LOCK JOINT PIPE COMPANY 


BRANCH OFFICES: Casper, Wyo. + Cheyenne, Wyo. + Denver 
Col. + Kansas City, Mo. + Valley Park, Mo, «¢ Chicago, Ill 
Rock Island, Ill. Wichita, Kan. Kenilworth, N. J. Hartford 
Conn. « Tucumcari, N. Mex. Oklahoma City, Okla. Tulsa, Okla. 


Lock Joint Pipe Company for over forty years has spe- 
cialized exclusively in the manufacture of reinforced 
concrete pipe for water supply and transmission mains 
as for sewers, culverte and eubaqueous i 
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ust how good a meter will it be a quarter of a century from now? 
Will it be able to meet the standards of 1980 . . . or will later and improved a ; 
models have made it obsolete? 

Neptune’s past record can help you answer these questions. 

During the past 50 years, more Trident meters have been purchased than any 
other make. Many of the oldest are still in operation. 

More important, even these very old meters can almost match the performance 
of the one shown above. Because the newest Trident parts fit the oldest meters, 
Tridents are modernized every time they are repaired. 

This 50-year record is your promise for the future. 

Your assurance that the Tridents you buy today will be assets 
for your community for years and years to come. 


NEPTUNE METER COMPANY 
50 West 50th Street © New York 20, N. Y. 


NEPTUNE METERS, LTD. 
1430 Lakeshore Rood Toronto 14, Ontario 


Branch Offices in Principal 
American ond Canadian Cities 
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Lithographed on stone for U. S. Pipe and Foundry Co., by Joha A. Noble, A.N.A. e 


Larce DIAMETER cast iron pipe, 

as illustrated, are efficiently serving as 
water, gas or sewer mains in large cities 
throughout the country. If this were a water 
supply line or an intercepting sewer, either 

* bell-and-spigot or mechanical joint pipe 
might be used; however, for a gas feeder 
main these days it would most likely 

be mechanical joint. 


Our pipe 30-inch and over, flexible joint 

and integral flange pipe are all made by the 
pit cast process. Pipe in sizes 2-inch through 
24-inch are cast centrifugally in metal molds 
with bell-and-spigot, mechanical joint or 
plain ends. No matter whether pit cast or 
centrifugally cast, the quality of our pipe 

is scientifically controlled throughout 

its manufacture. 


United States Pipe and Foundry Co., 
General Offices, Burlington, N. J. Plants 
and Sales Offices Throughout the U.S.A. 
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Transite Pipe is a product of mod- 
ern engineering and research. Shown 
above is one of the buildings at the 
Johns-Manville Research Center at 
Manville, New Jersey. 


*Transite is a registered 
Johns-Manville trade mark 
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TRANSITE PIPE last longer 


California city streets? > 


Transite Pipe was first installed by 
this California city nearly 20 years 
ago. Its lasting strength and high 
corrosion resistance have enabled it 
to outlast pipe previously used several 
times over. 
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Topay, A ACROSS THE COUNTRY— 


under countless city streets like the 
one shown above —Transite* Pres- 
sure Pipe is doing a highly efficient 
job of transporting water . . . often 
under conditions so adverse to or- 
dinary pipe that engineers marvel at 
Transite’s ability to stand up through 
the years! 


The reason? Lasting strength! 


Not only does Transite Pipe have 
the initial strength that’s needed in a 
pipe intended for use under busy city 
streets. Equally important, it has the 
lasting strength that enables it to sur- 
vive continued corrosive attack, year 
after year ... to keep on giving the 
same dependable, economical serv- 
ice to the community as the day it 
was installed. 


f This highly important quality of 


's 


lasting strength is one of many nota- 


ble inherent advantages of a pipe 
engineered with modern water trans- 
portation requirements in mind. 
Transite’s Simplex Couplings reduce 
leakage losses to a minimum, pro- 
vide flexibility to help relieve the line 
of soil stresses and traffic loads. Its 
light weight makes for easier han- 
dling and effects substantial savings 
during installation. Its smooth in- 
terior assures a high coefficient of 
flow (C= 140) and, because Transite 
can never tuberculate, helps keep 
pumping costs low through the years. 


Why not getal! the details...find out 
how this modern-engineered-for-the- 
job asbestos-cement pipe can help 
solve your water-line problems and 
save you money? For full information, 
write Johns-Manville, Box , 


60, New York 16, N.Y. JM| 
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AWWA SECTIONS 


Feb. 11-13—Indiana Section at Lin- 
coln Hotel, Indianapolis. Secretary, 
G. G. Fassnacht, State Dept. of Health, 
1330 W. Michigan St., Indianapolis 7, 
Ind. 


Feb. 17—New Jersey Section Winter 
Luncheon, Essex House, Newark. 
Secretary, C. B. Tygert, Wallace & 
Tiernan Co., Inc., Box 178, Newark 1, 
N.]J. 


Mar. 18—20—lIllinois Section at La- 
Salle Hotel, Chicago. Secretary, J. 
Leslie Hart, Western Sales Manager, 
U.S. Pipe & Foundry Co., 122 S. Mich- 
igan Ave., Chicago 3, IIl. 


Mar. 
Statler 
George G. 
Sampson, 
Mass. 


19—New England Section at 
Hotel, Boston. Secretary, 
Sogren, Partner, Weston & 
14 Beacon St., Boston 8, 


Mar. 23-25—Southeastern Section 
at Dempsey Hotel, Macon, Ga. Secre- 
tary, T. A. Kolb, 89 Alexander St., 
Charleston, S.C. 


Apr. 6-8—Canadian Section at Stat- 
ler Hotel, Buffalo, N.Y. Secretary, 
A. E. Berry, Director, Ontario Dept. 
of Health, Parliament Bldgs., Toronto 
8, Ont. 


16-17—-Nebraska Section at 
Cornhusker Hotel, Lincoln. Secretary, 
E. Bruce Meier, Asst. Prof. of Civ. 
Eng., Univ. of Nebraska, Lincoln, Neb. 


Apr. 


Apr. 16-17—-New York Section at 
Mark Twain Hotel, Elmira. Secre- 
tary, R. K. Blanchard, Vice-Pres. & 
Engr., Neptune Meter Co., 50 W. 50th 
St., New York 20, N.Y. 


Apr. 16-18—Pacific Northwest Sec- 
tion at Multnomah Hotel, Portland, 
Ore. Secretary, O. P. Newman, Exec. 
Vice-Pres., Boise Water Corp., 
Idaho. 


Apr. 16—-18—Arizona Section at San 
Marcos Hotel, Chandler. Secretary, 
M. V. Ellis, Supervisor, Sewage Treat- 
ment Plant, Phoenix, Ariz. 


Grand Rapids, Mich. 


AWWA. 


AWWA ANNUAL CONFERENCE 


All reservations will be cleared through the AWWA office. 
hotels have agreed to accept no reservations for the 1953 Conference 
except as they are requested on the standard form, 


May 10-15, 1953 
The 


through the 


(Continued on page 12) 
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BELCO horizontal filters provide 


low cost treated water 
. INCORPORATE AUTOMAT ATE OF FLOW © 


Belco provides auto- 
matic or manual filtra- 
tion equipment for any 
flow capacity. The ex- 
perience of Belco engi- 
neers in process control 
is unmatched. The Belco 
Rate of Flow Controller 
insures constant rate of 
flow under varying pres- 
sure conditions. The 
unit is sensitive, accu- 
rate and designed for 
low head loss. More 
information? Ask the 
Belco man! 


* We invite your consultation regard- 
ing all water conditioning require- 
ments. Get acquainted with our 
organization for authoritative assis- 
tance and close cooperation. Write 
for late descriptive bulletins. 


Belco Industrial Equipment Division, Inc. a 


PATERSON 3, NEW JERSEY 


| | 


COMING MEETINGS 
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Coming Meetings 


Apr. 22-24—Kansas Section at 
Broadview Hotel, Wichita. Secretary, 
Harry W. Badley, Repr., Neptune Me- 
ter Co., 119 W. Cloud, Salina, Kan. 


Apr. 24-25—Montana Section at 
Kalispell Hotel, Kalispell. Secretary, 
Arthur W. Clarkson, Asst. Director, 
Div. of San. Eng., State Board of 
Health, Helena, Mont. 


June 17-19—Pennsylvania Section 
at Hershey Hotel, Hershey. Secre- 
tary, L. S. Morgan, Div. Engr., State 
Dept. of Health, Greensburg, Pa. 


June 17—New Jersey Section Sum- 
mer Outing and Inspection of Johns- 
Manville Research Center, Finderne. 
Luncheon at Martinsville Inn, Martins- 
ville. Secretary, C. B. Tygert, Wal- 
lace & Tiernan Co., Inc., Box 178, 
Newark 1, N.J. | 


: 
OTHER ORGANIZATIONS 


Feb. 2—4—Short Course in Indus- 
trial Instrumentation at College of En- 
gineering, Univ. of Florida, Gaines- 
ville, Fla. Details from Prof. R. C. 
Specht. 


Feb. 2-6—Short Course in Corro- 
sion at Univ. of California, Berkeley, 
Calif., in cooperation with National 
Assn. of Corrosion Engineers. De- 
tails from University Extension. 


Feb. 17-19—American Concrete 
Inst. at Statler Hotel, Boston, Mass. 
Details from institute, 18263 W. Mc- 


(Continued from page 10) 


Feb. 19-20—Ohio Water Clinic at 
Ohio State Univ., Columbus 10, Ohio. 
Details from Kenneth W. Cosens, 
Assoc. Prof. of Civil Engineering. 


Mar. 16—20—National Assn. of Cor- 
rosion Engineers at Chicago, Ill. De- 
tails from A. B. Campbell, Executive 
Secy., 1061 M & M Bldg., Houston 2, 
Tex. 


Mar. 18-20—Short course for water 
and sewerage personnel at Louisiana 
State Univ., Baton Rouge. Details 
from John H. O’Neill, Director, Div. 
of Public Health Eng., State Dept. of 
Health, Civil Courts Bldg., New Or- 
leans 7, La. 


Mar. 23-27—Western Metal Expo- 
sition and Congress, Statler Hotel, Los 
Angeles, Calif. Details from William 
H. Eisenman, Secy., American Society 
for Metals, 7619 Beverly Blvd., Los 


Apr. 6-30—Lectures on prestressed 
concrete, Monday and Thursday eve- 


nings at Newark College of Engineer- 
ing, 367 High St., Newark 2, N.J. 
Details from Special Courses Div. 


Apr. 20-21—Industrial waste dis- 
posal regional conference at New Or- 
leans, La. Details from H. M. Con- 
way Jr., Director, Southern Assn. of 
Science & Industry, 5009 Peachtree 
Rd., Atlanta, Ga. 
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HERSEY 
COMPOUND 
METERS 


will accurately meas- 
ure ao wider range of 
flows than ony other 
single unit or assem- 


bly of meters. 


never been equaled 


HERSEY 
MANUFACTURING 
COMPANY 


SOUTH BOSTON, MASS. 
SEANCH OFFICES: NEWYORK 
PORTLAND, © PHILADELPHIA 
— ATLANTA ‘ — cuicaco 
— SAN FRANCISCO — LOS ANGELES 
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Concrete 
Pressure Pipe 


Thirty-two years ago the city of 
Denver installed its first concrete 
pressure pipe. From time to time, 
as demands for water increased, 
Denver added to its water trans- 
mission system... and the pipe se- 
lected most has been concrete 
pressure pipe. 


Reasons for this preference are: 
(1) permanent high carrying capa- 
city, (2) immunity to blow-out or 
rupture, (3) proof against tubercu- 


Water jor 


Generations to come 


AWWA 


lation, corrosion, and electrolytic 
damage, (4) extremely long life 
and maintenance economy. 


The performance in Denver and 
in other cities, large and small, 
proves the distinct advantages of- 
fered by concrete pressure pipe. 
Let us show you how these same 
advantages can be used for the 
water system in your community. 


Engineering Assistance is offered, with- 
out obligation, on any water storage or 
transmission problem. Write Mr. H. F. 
Peckworth, Managing Director, Ameri- 
can Concrete Pressure Pipe Association. 


AMERICAN CONCRETE 
PRESSURE PIPE 
ASSOCIATION 


228 North LaSalle Street 
Chicago 1, Illinois 
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1A 
Denver 
Prefers 
Concrete a 


For horizontal installation, tap- 
ping valves can be furnished 
with gears; also rollers, tracks 
and scrapers. 


A.W. W. A.-CLASS C 


Designed for tapping a main under pressure to take off a 
branch larger than corporation cock size. Flange on one side 
of valve bolts to sleeve; other side of valve may be hub or 
mechanical joint connection, either of which has special flange 
cast integral for attaching any standard make tapping machine, 
Can be furnished with rising stem for use in manhole or valve 
pit. Features of M & H sleeves are strong, heavy design and 
liberal length. 
M & H Tapping Valve meets specification of A. W. W. A. 
Class C and Tapping Sleeve is Manufacturer's Standard. For 
: gi 7, rae complete information, write or wire M & H VALVE AND 
ss FITTINGS COMPANY, Anniston, Alabama. 


FOR WATER WORKS ¢ FILTER PLANTS 
INDUSTRY SEWAGE DISPOSAL AND 
FIRE PROTECTION 
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When pumping costs rise, pressures : 
fall and capacity is way down— +i 
You need National cleaning! va 


Often, iines assumed to be in top operating condition 
are actually delivering less than half of their rated 
capacity. For instance—a tuberculated 48” pipe, 
having a co-efficient of 93 can carry no more water 
than a clean 42” pipe. Think how much difference 
this makes in costs when it must be compensated for 
by either greater power consumption at the 

pumping station or by larger mains in the ground, 


Remember, the National Water Main Cleaning 
Company guarantees to restore any water main 
to 95% of its original carrying capacity. 


_ _There’s no obligation when National’s 
engineers inspect and estimate 
~ cleaning costs of your mains, so write 


Whit 


TIONAL water MAIN CLEANING COMPANY 
50 Church Street - New York, N.Y. 
ATLANTA, GA; 333 Candler Building * BERKELEY, CALIF; 905 Grayson Street * 122 $0, 


TUR, GA; P. O. Box 385 * BOSTON, MASS; 115 Peterboro Street * CHICAGO; 122 So. 
Michigan Avenue * ERIE, PA; 439 E. 6th Street * FLANDREAU, S.D; 315 N. Crescent 
Street * KANSAS CITY, MO; 406 Merchandise Mart and 2201 Grand Avenue * LITTLE 
- FALLS, N.J; BOX 91 ¢ Los ANGELES; 5075 Santa Fe Avenue * MINNEAPOLIS, MINN; 
200 Lumber Exchange Building * OMAH A, NEBR; 3812 Castellar Street ° RICHMOND, 
VA; 210 E. Franklin Street * SALT LAKE CITY; 149-151 W. Second South Street ¢ SIGNAL 
MOUNTAIN, TENNESSEE; 204 Slayton Street ° DALLAS, TEXAS; 6617 Snider Plaza ° 
MONTREAL, CANADA; 2028 Union Avenue * WINNIPEG, CANADA; 576 Wall Street * 
HAVANA, CUBA; Lawrence H. Daniels, P. O. Box 531 * SAN JUAN, PUERTO RICO; 


Luis F. Caratini, Apartado 2184. 
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A complete line of Water Works 
products . . . Conforms to all 
AWWA Standards . . . Quality 
that comes from over 80 years’ 
manufacturing experience . 
Fittings interchangeable with 
other makes . . . Corporation 
stops can be installed with any > 


standard tapping machine 


Write for literature or ask 
“The Man From Hays” 


equipment. 


Water Works Products 
HAYS MANUFACTURING CO. 
ERIE, PA. 
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—a million gallon 


RADIAL CONE 


ELEVATED STEEL TANK 


‘pwr 


a. by PITTSBURGH - ‘DES MOINES 


The Radial Cone design is particularly applicable 
for elevated tanks of medium to large capacity where 
low head range is an important consideration. @ Write for 


a discussion of the Pittsburgh-Des Moines elevated 


tank type best meeting your requirements. 


PITTSBURGH - DES MOINES STEEL CO. 
Plants at PITTSBURGH, DES MOINES and SANTA CLARA 

Sales Offices at: 
PITTSBURGH (25), . . . 3424 Neville Island DES MOINES (8) 
NEWARK (2), . . 221 Industrial Office Bidg. . 1229 Praetorian Building 


CHICAGO (3), 1228 First National Bank Bidg. 532 Lane Street 
LOS ANGELES (48), . . 6399 Wilshire Bivd. SANTA CLARA, CAL. . . . 631 Alviso Road 


925 Tuttle Street 


re j 
| 
r 
Ae 
\f \ i | 
TANYA 
| 
| | A | 
| 
\ 
act 
‘ 
| 
é 


for every water meter service 


Badger makes the meters you need and industrial meters ...of many sizes 

... any type, any size, for any water- and types... also time-and-money 

measuring job in home or industrial saving accessories vital to efficient 

service: %” to 14” home service installation and servicing, including 

meters; 2” to 12” Tushies (Current) famous Badger Meter Testing Ma- 

Meters; 2” to 10” compound meters chines. For complete meter service, 
it pays to contact Badger. 


BADGER METERS 


WATER OF THE WORLD’ 
First for Accuracy + BADGER METER MFG. CO., Milwaukee 10, Wis. 
Low-Cost Maintenance « Branch Offices: New York City * Philodelphio 


Worcester, Mass. * Savannah, Ga. * Cincinnati «Chicago * Kansas City * Waco, Texos 


Durability + Sensitivity Lake City, Utoh Guthrie, Okla. Seattle. Wash. Los Angeles 


Fel &R 19 
=a 
there’s a RIGHT SIZE and RIGHT TYPE “a 
4 ~ , i i 
of BADGER Preececon WATER METER 
‘ 
A 
d 


many 


of the World’s 


important Places 
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For nearly 40 years buyers have believe 

in the soundness and progressiveness of 
Wheeler Economy Pump engineering. 
The reason is longer life. Case records 
show Wheeler-Economy Pumps operat- 
ing 15 to 20 years without replacement 
of major parts. Here is just a random 
selection of installations to prove Buyer 
Belief in Wheeler-Economy Pumps. . 


They are installed in the White House 
as part of the new air conditioning 
system . . . An installation of large 
Wheeler-Economy Pumps is playing a 
part in one of the most isolated and vital 
spots in the South Pacific. Three 
Wheeler-Economy Pumps are installed 
in a jet engine laboratory pumping river 
water to cool generating engines . . . 
Wheeler-Economy Circulating Pumps 
furnish air-conditioning in the world’s 
tallest building . . . There are Wheeler- 
Economy Pumps on many major ships 

. and huge Wheeler-Economy Circu- 
lators in major central power generating 
stations . . . Near Wapato, Washington, 
Wheeler-Economy Pumps irrigate thou- 
sands of acres of agricultural land under 
the Grand Coulee Dam project 


And this is only a small part of the 

record. There are Wheeler-Economy 
There's a distributor or Pumps for every pumping need from 
district office as near as small units for equipment manufacturers 
your phone. Look bim ap. to giants of 200,000 GPM. 


E-137-R 


ON OF C H 
LEHIGH PHILAD 


3 

ECONOMY PUMPS. IN( DIV WHEELER 
19TH ANE ELPHIA 32 PA 
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CALMET. 


PRECISION ACCURACY 

EXTREME LONG LIFE 

FROST PROTECTED 
LOW UPKEEP 


WILL MEASURE UP TO 
YOUR REQUIREMENTS 


PRECISION ACCURACY—CAL- LOW UPKEEP—CALMETS are 


MET’s oscillating piston is semi- easy to take apart, easy to repair for 
low upkeep. The split case design 
floating, precision balanced. A super- with spuds in the base permits quick 
sensitive meter that measures with removal of working parts for cleaning 
unfailing accuracy the various flows or inspection without breaking the 
to the smallest drip. line connection. 
FROST PROTECTED—Exclusive 
EXTREME LONG LIFE—CAI-~ FROST-PROOF BOLTS provide 
MET?’s slower moving piston and gear maximum protection against damage 
train ratio of 256-to-1 assures long from freezing or excessive pressure, 
life, less wear on precision parts. by allowing the main case and the 
; measuring chamber to separate. The 
Simple design assures years of service meter can then be serviced at the cost 
with a minimum of attention. of only a few cents for shear pins. 


@ SALES REPRESENTATIVES—Write for 
complete details of the CALMET franchise 


in your territory. 
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ALMET WATER METERS — 
MADE BY WELL & SUPPLY CO. INC —rORT WORTH. TEXAS 
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A large mid-western city recently was faced with this 
problem. Within eight years after the water treatment 
plant was placed in operation, the submerged steel showed 
active corrosion of alarming proportions — the warning of 
a possible loss of a quarter million dollar investment. 
Various coatings were tested for possible application, but 
none of those tested was considered satisfactory. 


It was then that the ERP man was called in. At approxi- 
mately half the cost of sand blasting and coating, and with 
no surface preparation or long outage time, an ERP ca- 
thodic protection system was installed to protect all sub- 
merged steel in the treatment equipment. After three years 
there has been no further corrosion, and an appreciable 
saving in maintenance has been realized ! 


This is a typical example of ERP at work. Whether your 
corrosion problem involves a tank, basin, deep well, water 
works treatment structure, or pipe line it will be worth your 
while to discuss it with your ERP man. His expert advice 
may save you dollars tomorrow. 


ENGINEERING 
MAINTENANCE ©} 
INSTALLATION 


EQUIPMENT 
RY 


ELECTRO RUST-PROOFING CORP. (N. J.) 


s. BELLEVILLE 9, NEW JERSEY 
{Xo Represented in Principat Cities in the United States 


Over 15 years of cathodic protection 
engineering, research and development 
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Is YOUR WATER-SOFTENING 
SYSTEM SLUGGISH ? 


It is, unless your exchanger 


... Has capacity up to 30,000 grains of hard- 
ness per cubic foot, even at peak flow rates of 
10 gal./sq. ft./min. 


... Thrives on a salt-starvation diet of as 
little as ‘4 pound per 1,000 grains of hard- 
ness removed. 


...Gives years of trouble-free service without 
attrition losses —can be operated safely over 
the entire pH range and at high temperatures 
—is stable to low silica-content water, acid, 
alkali, and oxidizing and reducing agents. 


\MBERLITE IR-120 Resin Exchange meets 
all these efficiency tests. A typical AMBERLITE 
unit has delivered almost 5,000,000 gallons of 
softened water per cubic foot of resin without 
capacity or attrition losses; and it’s still 
in operation. 


Ask your water-treating equipment supplier or your 
consulting engineer about AMBERLITE IR-120 — as 
the exchanger in a new softening installation, or as 
o replacement for siliceous exchanger. Meanwhile, 
write Dept. W-1! for full technical data. 


CHEMICALS FOR INDUSTRY 


ROHM ¢ HAAS COMPANY 
THE RESINOUS Bivision 
Washingion Square Philadelphia 5. Pa 


Representatives in principal foreign countries 


AMBERLITE is a trademark, Reg. U. S. Pat. Off. and in principal 
foreign countries. 
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@ It isn’t necessary to specify over-sized 


_ pipe for your large-diameter water lines 


| 


to meet anticipated “‘shrinkage’”’ in flow 
capacity due to tuberculation. 

It’s far less expensive to prevent tuber- 
culation by coating the pipe interior 
with a smooth, spun lining of Bitumas- 
tic® 70-B Enamel. 


pipe size solely on the basis of desired 


Then you can select 


capacity. 

Bitumastic gives you a lastingly-high 
coefficient of flow that reduces pumping 
costs . . . results in savings that more 
than pay the cost of the lining. 

Bitumastic 70-B Enamel also makes 


it unnecessary for you to specify addi- 
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AW 


tional wall thickness to compensate for 
corrosion. An exterior coating of Bitu- 
combined with 
the spun lining, forms a barrier against 


mastic 70-B Enamel, 


all types of corrosion, inside the pipe 
and out. 

Make certain your community is get- 
ting its money’s worth of proper protec- 
tion—specify Bitumastic 70-B Enamel 


for your large-diameter lines, = 


Vol. 45, No. 2 
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CRANE Packless 
Diaphragm Valves 


SCREWED ENDS, UNLINED Sizes 
to 2 in. Brass, Cast lron, Aluminum, 
or 18-8 Mo body and disc. Furnished 
with neoprene, Buna N, and natural 
rubber diaphragm and disc insert. 


WORKING PRESSURES—wup toe 150 pounds. 
Water, air, oil, or gas, 180° F. maximum tem- 
perature, depending on valve size and materials. 


You asked for it—and now Crane gives you this 
outstanding Diaphragm Valve in a new wide choice 
of body, disc insert, and diaphragm materials—in 
unlined or lined patterns. Whichever is specified, 
Crane design gives you important advantages in- 
cluding—long diaphragm life... positive shut-off 
in case of diaphragm failure . . . less resistance to 
flow with minimum pressure drop... easy oper- 
ation with reduced torque and fewer turns... 
simplified maintenance at lowest upkeep cost. 


Full specification data is in your new Crane 53 
Catalog—or ask your Crane Representative. 


Branches and Wholesalers Serving All Industrial Areas 


VALVES FITTINGS PIPE 


PLUMBING 


FLANGED ENDS, UNLINED Sizes '2 
to 6in. Castlron, Aluminum, or 18-8 
Mo body and disc. Furnished with 
neoprene, Buna N, and natural rub- 
ber diaphragm and disc insert. 


FLANGED ENDS, LINED Sizes 1 to 6 
in. Cast Iron body only. Lined with 
neoprene or hard natural rubber. 
Disc coated with neoprene or soft 
natural rubber. 


Other body and disc materials, as 
well as linings, available on special 
order. Also sliding stem: valves for 
automatic operators of ali types. 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Il. 


BUYER 


THRIFTY | 


HEATING 


> 
SAFER CONTROL ====== OF HARD-TO-HANDLE FLUIDS 
Now Available in — 
New Materia 
[ Te ane 
\ 
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WORTHINGTON - GAMON 


ie _ The meter used by 
thousands of munic- 
ipalities in the U. S. 


“Watch Dog” models 

. made in standard 
capacities from 20 g.p.m. 
up: frost-proof and split 
case in household sizes. 
Disc, turbine, or com- 


SURE T 

YOUR SPECIFICA- 

TIONS FOR ACCU- 

RACY, LOW MAIN- 

TENANCE, LONG 


Before you invest in water meters, Dog Water Meters first choice of 
get acquainted with the design and sO many municipalities and private 
performance advantages which water companies in the United 
make Worthington-Gamon Watch States. 


WORTHINGTON-GAMON 
DIVISION 


Worthington Corporation 


OFFICES IN ALL PRINCIPAL CITIES 


: 26 PER 
WATCH DOG | 
© 
WATER METERS 
— 
2% SOUTH STREET, NEWARK 5, NEW JERSEY 
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Yes, efficient flocculation is primarily a 
problem of correct baffling. Rex® Floctrol, 
with its unique combination of fixed and 
circular rotating baffles (see illustration), 
makes possible more thorough mixing, 
; holds short circuiting to a minimum and 
EFFICIENT assures efficient flocculation. Use of Floctrol 
in the pre-treatment stage often means con- 
FLOCCULATION siderably greater plant capacity without 
iS A construction of additional facilities. With 
Rex Floctrol you get these outstanding 
advantages: 


({ 1. All flow directed te active mixing area... 
complete utilization of tank volume... practically 
no short circuiting. 

- 2. Mini unt of chemical required . . . 
thorough mixing assures positive reaction of all 
‘ chemicals 


3. Tapered mixing by zones .. . the proved 
Langelier Process . . . assures large, readily settle- 
able floc. 

4. Extreme flexibility —a variety of paddle speeds, 
paddle areas, zone lengths and drive arrange- 
ments available to suit any conditions. 


PROBLEM 


5. Paddle axis parallel to line of flow ... all flow 
receives uniform treatment in each zone. 
For all the facts, call your nearest Rex Field 
Sales Engineer or write for Bulletin 48-39. 
Chain Belt Company, 4609 W. Greenfield 
Ave., Milwaukee 1, Wis. 


Cross-sectional view from . Cross-sectional side view 
head of tank showing of Floctrol showing flow. 7 
mixing action. 


a 


) Cher #74 Belt COMPANY 


OF MILWAUKEE 


Atlanta Baltimore mingham Boston Buffalo * Chicago Cincinnati Cleveland Dallas 
Denver « Detroit « El Paso * Houston * Indianapolis * Jacksonville * Kansas City « Los Angeles 
Louisville * Midland, Texas « Milwaukee * Minneapolis * New York * Philadelphia « Pittsburgh 
Portland, Ore. * Springfield, Mass. * St. Louis * Salt Lake City * San Francisco * Seattle * Tulsa * Worcester 
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LEADERS IN THE WATER 
WORKS FIELD SINCE 1896 


SMITH 
HYDRANTS 


A.W.W.A. Specification and 
High Pressure; Compression 
Type; Frost-Proof Tapered 
Barrel; Positive Action Drain; 
Low Friction Loss Maximum 
Delivery. 


Sizes 2” thru 66” Double Disc, 

Parallel Seat type for Low, 
ot Medium or High Pressure ser- 
vice. Manual, Hydraulic Cy- 


linder or Motor Operated. 


INSERTING 


VALVES 


Without interrupting service 

the Valves are inserted under 

pressure in Cast Iron and 

Steel Mains sizes 4” thru 48”. 

Write for information on other 

Smith products. 

43 


Wy THE A.P. SMITH MFG. CO. 


EAST ORANGE. NEW JERSEY 
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We are in our 


new factory— 


specially designe 
to better 
our service 
and to grow 
with your 


bronze waterworks 


60th year 
1952 


JAMES JONES COMPANY. 


321 NORTH TEMPLE CITY BOULEVARD « EL MONTE, CALIF. 
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a pound of claims! 


ar a permanent installation, such as 
new water supply system, or extensions to an existing 
system, experienced engineers rarely take chances on a 
substitute for cast iron pipe. They know that 96° of 
all cast iron pipe, 6-inch and larger, laid in 25 repre 
sentative cities over the past 130 years, is still in service. 
On the other hand, it is a fact that more than a few 
communities: have had to replace water distribution 
systems, constructed with substitue pipe, long before 


the bonds issued against them were paid for. 


The long life and low maintenance cost of cast iron 


water mains—and the consequent tax savings to the 


public—are matters of 


record. An ounce of 


proof is worth a pound 


of claims! 


One of a number of cast iron 
water mains which have been 
in service in New York City 
for more than a century. 
Over 35 other cities have cen- 
tury-old cast iron mains in 
service. 


® 


CAST IRON PIPE 
America's Nal Tox Sever 


*© 1952. Caw Irom Pipe Research Associatine 


CAST (ROW PIPE RESEARCH ASSOCIATION, THOS. F WOLTE, MANAGING DIRECTOR, 122 8O MICHIGAN AVE, CHICAGO & 
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ROOTS 
DON'T 
SHOW... 


IN W & T CHLORINATORS, EITHER 


The unseen roots of a beautiful tree give it life 
and strength. So, too, do the unseen features 
back of a W&T Chlorinator—basic research, 
service, and a complete line of equipment—ensure 
dependability and trouble-free operation through- 
out the years. 


Basic research, for example, while not necessarily 
essential to each particular installation, is, 
nevertheless, the life blood of sound equipment. 
WAT research developed the Visible Vacuum 
Principle, residual recording, the Break-Point 
Process and countless other advances in the art 
of chlorination. This same research is constantly 
at work to insure that the W&T equipment you 
buy is up-to-date in every respect and will not 
be outmoded before its time. 


The desire for that assurance may be another 
reason for the ever growing demand for 
W&T Chlorinators. 


WALLACE & TIERNAN 


COMPANY, INC. 
CHLORINE AND CHEMICAL CONTROL EQUIPMENT 
MEWARK NEW JERSEY c crrees 


The Roots Of New Water Treatment 
Techniques Often Lie In W&T Research 
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TEEL pipe of various forms, pro- 
tected with different types of coat- 
ings, has been used in the United States 
since 1860 for the conveyance of water 
for domestic, industrial, irrigation, and 
other types of service. Many millions of 
feet of steel water mains have been 
installed during these past nine decades. 
This kind of pipe possesses many ad- 
vantages, including the five essential 
requisites of any good water conduit— 
reliability, strength, high carrying ca- 
pacity, economy, and durability. When 
properly designed, protected, and in- 
stalled, steel pipe will give long and 
useful service as a water conduit. It 
does, however, possess one particular 
disadvantage: when installed bare or 
improperly protected against oxygen, 
particularly in the presence of moisture, 
it will tend to return to its original state 
of iron oxide. To overcome this af- 
finity of corrosive agents for iron, it is 
desirable that a permanent coating be 


inp Coatings for Steel Water Pipe 


Consolidated Western Steel Dizv., | 


By Walter H. Cates 
A paper presented on Oct. 31, 1952, at the California Section Meeting, | 
Pasadena, Calif., by Walter H. Cates, Secy., Steel Water Pipe Manu- 
facturers Technical Advisory Committee, and Mgr., Hydr. 
Steel Co., Los Angeles. tach of 


applied to the interior and the exterior 


of the water pipe to act as a barrier 
against all corrosion attacks. <A pro- 
tective coating of proper type for exist-_ 
ing conditions will prevent deteriora- 
tion of the metal. 
ground is subject to soil stress, erosion, | 
electrolysis, and chemical, physical, gal-_ 
vanic, and bacteriological action, It is | 
essential, therefore, to determine 
magnitude of these various factors so_ 


that a completely protective coating can _ 


Pipe laid under- | 


be selected economically and scientifi- 


cally to offset their detrimental effects. — 


The purpose of this paper is to as- | 
semble and summarize present knowl- 
edge on the subject of available coat- 
ing materials, their effectiveness, and 


their approximate cost of application. — 
This discussion will be confined to steel 


water pipe 4 in. or more in diameter, 


as manufactured under specifications 


AWWA C201 (17) and C202 (2). 


The references listed at the end of this 
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paper include pertinent literature on 
coatings (3—13), which should be con- 
sulted for a more comprehensive re- 
view of this subject. 
Characteristics of Effective Coatings 

The effectiveness of a coating, or a 
combination of coatings, depends on the 
completeness and permanence with 
which it isolates the pipe from corrod- 
ing elements. In general, the essen- 
tial qualities of any protective coating 
are: 

1. Chemical resistance. Vhe coating 
should be chemically inert to the soil, 
air, water, bacteria, and vegetation con- 
ditions encountered. It should be 
chemically neutral to the pipe steel, 
possess solubility resistance against pe- 
troleum products, and remain stable in- 
definitely. 

2. Physical resistance. The coating 
should fully resist physical abuse dur- 


ing transportation, storage, and instal- 
lation of the pipe and should have suf- 
ficient hardness to resist deformation 
from pressure, soil stress, and extreme 


temperature changes. It should remain 
at all times in unbroken contact with 
the steel surface. It should have a 
tight bond to resist the tendency of 
certain soils to contract and pull the 
coating from the pipe, and to resist the 
shearing action of the soil if the pipe 
should move longitudinally. It should 
possess the important quality of duc- 
tility so as to resist cracking from 
deflection. 

3. Water penetration resistance. An 
ideal coating should be completely re- 
sistant to the penetration of water, be- 
cause moisture and oxygen together 
will cause corrosion of the steel. The 
coating should have no porosity and, as 
applied, should permanently waterproof 
the pipe to the extent that not more 
than 0.25 per cent by weight of mois- 
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ture is absorbed into the coating over 

a period of 250 days. 

4. Dielectric strength. The sustained 
electrical resistance of the coating 
should be at least 100,000 ohms per 
square foot of surface. The applied 
coating should have low electrical con- 
ductance in order to act as an insulator 
between the pipe and the soil or water, 
thereby preventing any electrochemical 
action betwen the various materials. 
An approved electrical detector of low 
amperage and of 100 v per mil thick- 
ness, for coal-tar enamel—55 v per iil 
for asphalt—should be used over the 
coating surface to detect any holes or 
thin spots that may exist. The spark 
length during testing should be set at 
about twice the thickness of the coating. 
Good insulation with proper dielectric 
strength, combined with adequate ca- 
thodic protection, will result in com- 
plete and enduring protection. 

5. General characteristics. Other de- 
sirable qualities of an effective coating 
are: 

a. High mechanical strength 

b. Durability—the coating should be 
permanent 

¢c. Smoothness—linings should 
uniform and smooth to maintain high 
carrying capacity 

d. Ease of application—progress has 
been made in methods of application of 
many coatings, and proper application 
of the coating 1s just as important as 
the high quality of the coating itself 

e. High bond strength—cleanliness 
and dryness of the steel surface at the 
time of coating application is highly im- 
portant to insure good and continued 
adhesion of the coating 
f. Reasonable cost 
g. Resistance to bacteria af 
h. Resistance to vegetation 
i. Resistance to effects of 


be 


cathodic 
protection. 
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Although all of these requirements 
are desirable, the two most important 
characteristics for any effective coating 
are resistance to water penetration and 
to deformation. If these two require- 
ments are not met by the coating se 
lected, there can be no lasting protec 
tion of the pipe. The proper coating 
for any particular installation is the ma- 
terial or combination of materials that 
meets economically the greatest number 
of the requirements called for under 
the circumstances and has the two all- 
important characteristics mentioned 
above. 

Pipe wrappings and shields are also 
considered in this paper. The essen- 
tial characteristics for these materials 
are: |1| resistance to water penetra 
tion; |2| high dielectric strength; [3] 
chemical inertness; |4| elasticity ; and 


15] high mechanical strength. 
Types of Coatings 


Some of the most common types of 
coating materials now available for the 
protection of steel water pipe are : 

1. Asphalt coatings. There are many 
types of asphalt coatings, most of which 
are derived from petroleum. They in- 
clude hot dips, paints, emulsions, mas 
tics, and enamels. 

Asphalt hot dips are used extensively 
on the smaller sizes of steel pipe be- 
cause of their ease of application and 
low cost. They may de practical and 
economical where soil conditions are 
favorable and dry. They absorb mois- 
ture readily, however, and are not con- 
sidered a permanent coating. 

Asphalt enamel is a much superior 
coating material to asphalt dip, but it is 
more costly. Its physical resistance is 
not very effective and, therefore, it 
will serve its purpose better if shielded. 
It possesses some porosity and, conse- 
quently, absorbs some moisture because 
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of the loss of oils in the drying action, 
Its dielectric strength decreases as its 
moisture penetration increases. It does 
not resist vegetation very well. It 
should be applied in a thickness of 4 in. 

Asphalt emulsions are applied cold. 
They are not very effective as a protec- 
tive coating unless applied with an 
impervious wrapping. They are po- 
rous and have low dielectric strength. 

Another product that makes use of 
asphalt as one of its constituents is 
asphalt mastic, a hot mixture of sand 
aggregate and asphalt. It is applied 
under pressure to the outside of the 
pipe in a thickness of approximately 
} in. and makes a good coating and 
shield against soil pressure and impact. 
It can be furnished on steel pipe $-30 
in. in diameter. 

2. Coal-tar coatings. Coal-tar enam 
els are mixtures of coal-tar pitch and fil- 
lers. For water lines, plasticized enamel 
is recommended. The AWWA. has 
developed excellent specifications (14 
15) for this material and its applica 
tion to the interior and the exterior of 
steel water lines. When spun centrifu 
gally to the inside of the pipe, it be 
comes extremely smooth and glasslike, 
thus providing very high carrying ca 
pacity. It has good bond when properly 
applied, and is generally applied in a 
thickness of 8, in. It will resist the 
effects of temperature over a wide 
range and is considered to be a stable, 
permanent material. It has low water 
penetration and high dielectric strength. 
Qn the exterior of the pipe, however, 
it will not completely resist soil stress 
or plant life. It serves well when ap- 
plied under a shield. 

Coal-tar paints also have been used 
on water lines but are not nearly so et- 
fective as the enamel. 

3. Cement-mortar coatings. These 
types of coatings have been used for 
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many years on water lines with varying 
degrees of success but generally good 
results. They provide satisfactory cor- 
rosion resistance under dry conditions 
but deteriorate under salt water or sul- 
fate conditions. Electrolysis will dis- 
integrate mortar coatings under certain 
conditions. Because of its hardness, 
this material resists vegetation, except 
in cracks. It does not have sufficient 
dielectric strength to be effective 
against electrical currents. When ap- 
plied on the exterior over a waterproof- 
ing material, it becomes an_ effective 
coating and an excellent shield. It 
is not very flexible and cracks readily 
on account of its low tensile strength. 
It possesses high resistance to soil 
stress. 

The inside lining is usually applied 
centrifugally in thicknesses of |—} in., 
while the outside coating generally is 
shot onto the pipe in a thickness of 
4 in. and reinforced with wire mesh. 
Linings and coatings can be applied in 
shop or field and have been used satis- 
factorily in the rehabilitation of old 
pipelines in place. 

The thickness and mix proportions 
control the effectiveness of mortar coat- 
ings, and a modified standard cement 
seems to give the most effective results. 

4. Petrolatum coatings. This type of 
coating is made from refined petroleum 
and contains no asphalt or coal tar. It 
is generally described as a “grease” 
coating containing an inhibitor. It can 
be furnished in various degrees of flu- 
idity and can be applied by brushing, 
spraying, or rubbing. It does not 
harden or dry and remains stable for 
a long time. It requires careful han- 
dling, however, as it is soft and pliable, 
It will not resist soil stress unless cov- 
ered with a shield. It resists cold, but 
not heat, and repels moisture. It is 
“asy to apply and should be at least 
100 mils thick to obtain good results. 
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It possesses low dielectric strength and 
is used on the exterior of pipe only. 

5. Vitreous-enamel coatings. This 
coating is a glass material fused to the 
pipe surface at high temperature. It 
has good bond but is somewhat porous. 
It has excellent dielectric strength, high 
soil stress resistance, chemical resist- 
ance, and good resistance to tempera- 
ture changes. It has only fair ductility 
and is difficult to apply. It is applied 
generally in a thickness of 3'5 in. and is 
relatively high in cost for use as a coat- 
ing on ordinary steel water pipelines. 

6. Synthetic-resin coatings (“'plas- 
tics’). These coatings are divided into 
two general types—thermosetting (phe- 
nolformaldehyde) and thermoplastic 
(cellulose). A good bond is obtained 
from the baking process. Some of the 
advantages of these coatings are: |{1| 
chemical inertness; |[2| high dielectric 
strength; low moisture penetra- 
tion; and [4] permanence. At present, 
however, these resin coatings are too 
costly for the average water pipe in- 
stallation. 

7. Rubber coatings. Rubber can be 
applied in sheet form, solution, or 
powder, although sheet rubber will give 
the best results. Rubber linings in 
steel pipe will resist many acids and 
chemicals, but they are slow to apply 
and are very expensive. Consequently, 
they are used only for special condi- 
tions, even though they give excellent 
results. 

Thiokol plastic coating also gives 
good results, but it is likewise too costly 
for water lines. 

8. Metallic coatings. These coatings 
usually consist of zine, copper, cad- 
mium, tin, chromium, or lead. They 
are not entirely effective against soil 


corrosion because of their porosity. 
They are easy to apply, however. The 
most common type of metallic coating 
used on steel pipe is zinc, because of its 
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relatively low cost and ease of applica- 
tion. It gives a durable coating and 
is extensively used on small-diameter 
steel water service lines. 

9. Paints. There are many forms of 
paint on the market. Each type con- 
sists primarily of pigment and vehicle. 
Pigments are frequently derived from 
lead or zinc compounds, while vehicles 
(the liquid portion of the paint) gen- 
erally consist of drying oils or resins. 
For many years red lead has been used 
as a primer for steel surfaces. Re- 
cently, however, other primers have 
been developed which are superior to 
red lead. One of these is red chromate 
primer, which contains 53.7 per cent 
potassium chromate and zinc chromate 
combined, 

’aints are used generally for sur- 
faces exposed to the atmosphere. For 
pipelines laid aboveground, it is good 
practice to apply to the exterior a 
primer followed by aluminum paint. A 
properly painted pipe of this kind will 
be protected adequately for many years. 
In underground installations, however, 
paints have little value against corro- 
sion, as they are affected adversely by 
soil and water conditions. The U.S. 
Sureau of Reclamation has published a 
very comprehensive and up-to-date 
manual on the subject of paints and 
related products (3). 

10. Primers. Primers act as a bond- 
ing agent between a coating and steel 
surface. They must be applied on 
clean, dry surfaces at proper time and 
temperature for best results. They 
should flow readily so as to penetrate 
the surface thoroughly and should not 
he too thick. The steel surface can be 
prepared clean for a primer by me- 
chanical means, sand- or shotblasting, 
flame, pickling, or solvents. 

Primers are needed with asphalt 
enamels, coal-tar enamels, and paints, 
but are not required for mortar coat- 
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ings, petrolatums, or cold-applied coat- 
ings. 


Wrappings or Shields 

Wrappings or shields envelop the 
pipe and external coating to protect it 
against physical forces, such as_ soil 
stress and handling, and act as a sealer 
for the undercoating. They should be 
nonabsorptive, strong, flexible, hard, 
resistant to bacteria and vegetation, and 
capable of maintaining high dielectric 
strength. They should resist extreme 
cold or heat and should not be suscepti- 
ble to cold flow. Wrappers should be 
well bonded to the coating, nonporous, 
and impregnated with a waterproofing 
material. 

Wrappings or shields should be used 
whenever soil or water conditions 
would cause damage to an exterior 
coating applied alone, or if the coating 
might be injured during transportation 
or laying operations in the field. 

Various types of 
available include : 

1. Organic wrappings. These wrap- 
pers consist of rag felts, cotton fabrics, 
burlap, and the like. They are flexible 
and easy to apply but are not consid- 


wrappings now 


ered permanent because they absorb 
moisture and do not resist soil stress or 
bacterial action very well. Felt wrap- 
pings should have a strength of at least 
30 Ib per inch of width. Felt with a 
strength of 60 Ib per inch is most et- 
fective. 

2. Inorganic wrappings. These 
wrappers consist of thin sheets of cop- 
per, aluminum, and the like, as well as 
cement mortar, asbestos felt, fiber glass, 
plastic tapes, and cellophane. The cop- 
per and aluminum sheets are not used 
on water lines because of their high 
cost, but mortar coatings and asbestos 
felts are widely used, with excellent re- 
sults. Asbestos felts generally have a 
nominal weight of 15 Ib or 23 Ib per 
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100 sqft. A saturant is added to act 
as a filler and to give pliability to the 
finished product. Asbestos felts are 
‘“asy to apply, resist water penetration, 
and are chemically inert to soil and 
water. 

Fiber glass is used generally as a 
reinforcement for asphalt or coal-tar 
enamel coatings. It is wrapped in con- 
junction with the hot coating so as to 
become anchored therein. It is very 
light in weight and is chemically inert 
to all soil conditions. 

A relatively new type of wrapping is 
the cold-applied plastic tape, and tests 
conducted on it have been very favor 
able (7). These tapes are tough, plia- 
ble, and high in dielectric strength, in 
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wrapper in order to add some measure 
of protection during handling, trans- 
portation, and installation of the pipe. 
The wrapper helps to reduce the tem 
perature of the pipe when it is ex- 
posed to the sun, and it indicates any 
damage to the coating that may have 
occurred during the handling opera- 
tions. Kraft paper will shrink and 
tear if it absorbs moisture. It is not in- 
tended to act as a permanent wrapper. 
In lieu of kraft paper, whitewash 1s 
often used on the main wrapper or 
coating. 


Design Features 


In determining the proper amount 
and type of protective coating and 


PABLE 1 


Economical Limits for Protective Coatings ro 


Life 


| 
Resistance 


Class | Description ohm ‘ce 


1 excellent * over 6,000 
2 good 6,000 4,500 
3 fair $,500-2,000 
4 bad 2,000.0 


Recommended Protective Coating 


none 

not to exceed 10% of first cost of pipe 
not to exceed 20° of first cost of pipe 
not to exceed 40°) of first cost of pipe 


* Such soil is excellent, except where soil resistivity in adjacent areas has wide variations. 


sulation resistance, and chemical resist- 
ance. They have low moisture absorp- 
tion and resist such corrosive elements 
as bacteria, oils, water, alkalies, acids, 
vegetation, stray ground currents, and 
the like. They are obtainable in vari 
ous thicknesses and widths, are easy to 
apply, and maintain good bond. Tapes 
are somewhat expensive as yet, but 
offer excellent possibilities wrap- 
pers for steel water pipe and _ fittings. 

Cellophane in one or two layers has 
occasionally been used as a_ pipe 
wrapper. 

Kraft paper is frequently used on 
steel pipe as a wrapper over the main 


wrapping to be used on any particular 
water pipe installation, it is essential 
that a survey of soil and water condi- 
tions along the pipeline route be con 
ducted in advance of the coating design. 
A wide knowledge of all factors in- 
volved in corrosion should be obtained 
for every installation. Field observa- 
tions and measurements of topographic 
features, climate, and — accessibility 
should be made and laboratory tests 
conducted to ascertain the chemical and 
electrical characteristics of the soil and 
water, including soil resistivity, stray 
currents, and galvanic action. These 
results should then be considered with 
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Vaximum Economical Cost of Protected Steel Pipe* 


Estd. Usetul Life of Bare Steel Pipe —yr 


Estd. Useful 
Life of | 
Protected 
Steel Pipe 
vr 


30 


35 40 45 


Max. Economical Cost of Protected Pipe per Dollar Cost of Bare Pipe 


Cost Capitalized at 4% Compounded Annually 


| 


tn 


| 


1.00 
1.06 1.00 


1.00 
1.05 1.00 


1.09 1.03 1.00 


Cost Capitalized at 5, Compounded Annually 
I I 


1. 
1.¢ 
1. 
25 


* Read down the column headed by the estimated number of years of useful life of bare steel pipe; 


1.00 

1.05 1.00 

1.09 1.04 1.00 

1.11 1.06 1.03 1.00 
1.16 1.10 1.06 1.04 1.00 
1.18 1.13 1.09 1.06 1.02 


1.00 


read across 


the appropriate row tor the estimated usetul life of the same pipe when protected; the figure at the intersection 
shows the maximum economical amount (in dollars) which can be spent for protected steel pipe per dollar cost of 


bare steel pipe. Subtracting $1.00 trom this figure, 


the difference will be the maximum economical premium (per 


dollar cost of bare steel pipe) which can be paid for the protective coating. 
The ratios shown in this table assume that capitalized and maintenance costs are equal for bare and protected 
pipe. The capitalized cost is the first cost plus the present value of a perpetuity required to renew the project 


indefinitely 


regard to the desired service life of the 
water line. Using the data from such 
a comprehensive survey, the design en- 
gineer can recommend and select the 
right protection for each section of the 
line. He will determine, also, the ad- 
visability of employing cathodic protec- 
tion at any specific location, 

Table 1 indicates the economical cost 
limit for protective coatings, taking into 


consideration soil class, soil resistivity, 
and first cost of the bare steel pipe. 
Table 2 may assist the designing en- | 
gineer in determining the value of pro 
tective coatings from the standpoint of — 
amortization. From this table can be 
determined the maximum percentage of 
premium economically justified for a_ 
desired extension of the life of steel 
pipe, 
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10 | | 
15 1.00 
20 1.22 | 1.00 | 
25 1.41 1.15 | 1.00 | | 
30 156 1.00 
35 1.68 | 1.37 | 1.19 | 1.08 P| 9 
10 1.78 146 1.27.) 1.44 | 
$5 1.86 | 1.52 | 1.33 | 1.20 | 1.11 | 1.05 | 1.00 | — a ae 
50 1.93 | 1.58 | 1.38 | 1.24 | 1.15 | 1.09 | 1.04 P| , 6." Bel aa 
60 2.03 | 1.66 | 1.45 | 1.31 | 1.21 | 1.14 | 1.09 ey 
70 10 1.72 1.50 1.35 195 118 113 
15 1.00 | 
20 1.20 1.00 q 
25 1.36 1.13 1.00 
30 1.48 | 1.23 | 1.09 | 1.00 
35 1.58 | 1.31 | 1.16 | 1.07 a a 
10 1.65 | 1.38 | 1.22 | 1.12 _ Sa 
45 1.71 | 143 1.26 | 1.16 
50 1.76 | 1.46 | 1.30 | 1.19 ¢" a 
60 182 1.52 1.34 1.23 
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The selection of an interior coating 
for steel water lines should be made on 
the basis of permanently maintaining 
high flow capacity by preventing tuber- 
culation throughout the life of the pipe. 
The two types of lining most commonly 
used for this purpose, at present, are 
cement mortar and coal-tar enamel. 

The selection of an exterior protec- 
tion requires mature judgment on the 
part of the engineer after all of the vari- 
ous factors have been reviewed. By 
following modern scientific methods of 
determining the degree of corrosiveness 
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Tables 3—5, showing the relative rat- 
ing of various characteristics of coat- 
ings and wrappings, are intended to 
condense the contents of this paper for 
the benefit of the engineer, operator, 
and management. 


Cost of Applied Coatings and Wrap- 
pings 
Table 3 indicates the approximate 
current applied cost per square foot for 
each individual type of coating mate- 
rial, These figures represent the cost 
of cleaning the pipe surface and fur- 


TABLE 3 


Relative Major Characteristics of Available Coating Materials for Steel Pipe 


Approxi 
mate 
Cost 

Applied 
(1 Surface) 


Water 
Pene- 
tration | 
Resist 


Smooth 
ness 


| Soil 
| Stress 
. | Resist 
Strength | 

| ance 


Dura- 


ca 
Resist bility 


esis 
Resist ance 
ance 


Coating Material 


| | 
| Chemi- | physical | 
| 


fair 
low 
fair 
fair 
high 


Asphalt dip 

Asphalt emulsions | 

Asphalt enamel 

Asphalt mastic (outside) 

Coal-tar enamel (outside) 

Spun coal-tar enamel 
(inside) 

Spun mortar lining 

Mortar coating (outside) 

Petrolatum coatings 
(greases) 

Vitreous enamel 

Synthetic resins (plastics) 

Rubber 

Metallic coatings 

Paints 


high 


high 
low 
low 


high 
fair 
fair high 
high 
high 
high 
high 
high 
low 


low 
fair 
high 
fair 
fair 
fair 


fair 
high 
high | 
high 
fair 


fair 


| $ sqft 
low 
low 
fair 
fair 
high 


fair 
low 
high 


fair 
low 
fair 
high 
fair 


0.02 
0.03 
0.20 
0,.20* 
high 0.25 
0.25 
0.30 
0.35 


high 
high 


high 
high 
high 


high 
fair 
fair high 
0.10 
costly 
0.50-1.00 
3.50 
0.60-0.75 
0.10 


low 
high 
high 
fair 
fair 
fair 


low 
high 
high 
high 
high 
lair 


low 
high 
high 
fair 
high 
fair 


low 
high 
high 
high 
low 
low 


to be resisted, it becomes possible to 
select coatings which provide adequate 
protection without excessive cost. 
The ideal protection would combine 
the protective properties of a coating 
and a shield in one material. A careful 
study of all of the individual coatings 
and shields included in this paper, how- 
ever, will show that no single coating 
material universally fulfills all require- 
Therefore, in selecting the 
proper protection for an installation, 
it becomes expedient to consider a 


ments. 


composite protection that will be as ef- 
fective as possible at a reasonable cost. 


* This cost applies in West; cost in East may be higher. 


nishing and applying the material to 
one surface. The approximate unit 
cost of cleaning included in the coating 
cost is 2 cents per square foot for wire 
brushing and 7 cents per square foot 
for shotblasting. For large quantities 
of pipe coated on a_ production line, 
however, the coating costs shown in the 
table can be reduced considerably. To 
obtain exact costs for any major in- 
stallation, inquiry should be made of 
an established coating applicator. 

For estimating purposes only, the 
cost per square foot for various types 
of single wrappings applied to the pipe 


| 
| fair lov 
4 low | lov 
> 
= 
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can be taken as follows: 15-lb asbestos 
or 40-lb rag felt—5.5 cents; 23-lb 
asbestos felt—7.5 cents; 15-mil fiber 


glass—5.5 cents; 80-lb kraft paper (or 
whitewash )—3 cents. 

For any combination of coatings and 
wrappings, the approximate cost can 
be determined by adding the corre- 
sponding cost of each single type. For 
example, assuming a 16-in. diameter 
pipe coated with coal-tar primer, coal- 
tar enamel, fiber glass matting, 15-Ib 
asbestos felt wrapping, and kraft paper, 
the estimated cost of the complete pro- 
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TABLE 4 
Relative Minor Characteristics of Available Coating Materials for Steel Pipe 


faces that are in 
receive it. 
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proper condition to 


3. Asbestos felt wrappers, mortar 
coating shields, or their equivalents, 
greatly increase the service life of 


coatings that their use gives a return 
on the investment far in excess of their 
cost. 

4. The most common linings now in 
use for water lines are cement 
and coal-tar enamel, Other types of 
materials, such phenolic, vinyl, 
thiokol, vinyl-thiokol, and neoprene ma- 
terials, also offer good possibilities (7). 


mortar 


as 


j j 
Ap- | 
| | Freez- Ease proxi- | Resist- | Deflec- 
Material iT ing | of mate | ance tion | Poros- 
oating Materia 1} emp. Resist- | Appli Thick- | Resist ity 
| ance | cation on | ance 
sion 
| | | nm. 
Asphalt dip | 100 fair 350 150 fair |} high i | fair high fair 
Asphalt emulsions low fair 150 100) fair | high | 0.065 | low high high 
Asphalt enamel 150 fair 400 160 | fair fair ry | fair high low 
Asphalt mastic (outside) fair fair 350 220 | high | high 3 | high fair fair 
Coal-tar enamel | 150 high 485 160 high | fair Pr] high high low 
Spun mortar lining | low ow 120 low fair h-4 high low high 
Mortar coating (outside) | low | low | 120 | low | fair } high low high 
Petrolatum coatings | | | | 
(greases) low fair 140 80 | high high | 0.100 low high fair ? 
Vitreous enamel 3,000 tair 1,600 1,000 fair ow | as high | low | fair 
Synthetic resins (plastics) | high high 300 150 high fair 0.006 | high | high | low 
Rubber 500 high | 180 fair fair A high high | low 
Metallic coatings high high | 850 high high 0.006 high high | fair 
Paints fair fair 150 100 fair high 0.006 fair high | high 


or $1.6 


tection would be 
= 39 cents, per square foot, 


per foot of pipe. 


sw 


Conclusions 


experience and tests on many types 
of coatings and wrappings for the pro- 
tection of steel water lines have estab- 
lished the following facts (4, 6-8): 

1. Protective coatings, to be perma- 
nent and economically justifiable, should 
have substantial thickness. 

No protective coating, regardless 
of its intrinsic effectiveness, can give 
satisfactory or durable protection un- 
less it is properly applied to steel sur- 


To resist low temperatures, coal- 
tar enamel linings should have a pene- 


tration, as applied, of at least 7. Fur- 
thermore, coal-tar enamel coatings 
should be shielded with a substantial 
wrapper so as to be fully effective 


against soil and water conditions. 

Cold-applied vinyl and polyeth- 
ylene tapes seem to be satisfactory for 
protecting buried steel pipe and appear 
especially appropriate for use on welded 
field joints. 

It is a known fact that buried steel 
pipe, if installed bare or improperly 
protected, will eventually corrode. The 
buried pipeline represents a large in- 
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TABLE 5 
Relative Characteristics of Available Pipe Wrapping Materials 


| Physical 
Resistance 


Chemical 
| Resistance 
| 


Material 


Rag felt 
\sbestos felt 
Fiber glass 
Osnaburg 
Sheet metal 
Cellophane 
Plastic tape 
Kraft paper 


fair 
fair 
high 
fair 
high 
high 
high 
low 


fair 
high 
high 
low 
high 
high 
high 
low 


vestment. It is not readily accessible 
to inspection; and if corrosion occurs 
and makes reconditioning or replace- 
ment necessary, an additional heavy 
Further- 
will 


expense results to the owner. 
the 
cause interruption in service, loss of op 


more, corrective measures 
erating revenue, property damage haz- 
ards, and so forth. Therefore, it  be- 
the 


management alike to design, construct, 


hooves engineer, operator, and 
and operate any pipeline on a sound 
and economical basis, corresponding to 
the actual conditions to be encountered 
in the field. 
lowed faithfully 
proper coatings to be selected for each 


If this procedure is fol- 
with regard to the 


installation, the owner can be assured 
that 
vears of useful and economical service. 


his pipeline will render many 
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HE ideal steel pipe coating must 
have the following principal char- 
acteristics : 

1. It must be physically strong and 
tough enough to absorb without injury 
the rough handling it may receive in 
hauling and installation. 

2. The bond to the pipe surface must 
withstand the stresses from the soil in 
which it is embedded and the shearing 
caused by slight longitudinal 
movements of the pipe. 

3. The chemical interaction with the 
steel surface must not be 


force 


such as to 
cause corrosion. 

4. The water absorption of the mate- 
rial should be low. 

5. The electrical resistance must be 
uniformly high over the entire surface 
of the pipe. 

6. The material must not deteriorate 
with age. 

7. The material must be such that 
uniform quality can be maintained in 
spite of normally climatic 
and other conditions during application. 

8. The overall cost must be reason- 
able in comparison with other mate- 
rials, with due regard for cost of main 
tenance and length of life. 

If the material is to be used also for 
lining the pipe, the surface must remain 
uniform and smooth permanently. 

Many years of experience with the 
lining, coating, and installation of ap- 
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Cement-Mortar Linings and Coatings 
for Steel Pipe 


By R. C. Kennedy 


A paper presented on Oct. 30, 1952, at the California Section Meeting, 
Pasadena, Calif., by R. C. Kennedy, Chief Engr., East Bay Municipal 


proximately 150 miles of steel pipe in 
all sizes up to 67 in. has convinced the 
author that cement mortar fulfills most — 
of the requirements mentioned. 


The value of cement mortar for lin- 


ing cast-iron pipe has long been recog 
nized, both in the United States and 
abroad. In 1836 the French Academy 
of Science reported: “Hydraulic ce 
ment is, of all compositions combining 
facility of application and cheapness, 
that which adheres best to casting, 1s 
most indestructible and prevents most 
effectually all [corrosion] (7). 

The earliest record of a cement 
mortar lining being used in the United 
States appears to be at Jersey City, 
N.J., where in 1845 a sheet-iron pipe 
was lined with natural cement mortar 
hefore laying and was still in excellent 
condition when removed 
a few vears ago (7). 

Ingenious modern 


from. service 


methods make 
possible the lining of steel pipe either 


as a part of the manufacturing process 
or after installation. The most com- 
mon type of shop application is by the 
centrifugal method, using a mix of 1:3— 
or richer, and a thickness of in. 
careful control of the speed of rotation, 
the excess water Is squeezed out and 
the lining is rendered uniform in thick 
ness and very smooth, with a thin layer 

of rich mortar at the surface. The lin-— 
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Tests by the East Bay Municipal 
Utility Dist. conducted in 1936 on sec- 
tions of a 24-in. pipeline showed 
Hazen-Williams C values varying from 
145 to 152. Ten years later, the line 
was again tested, with practically iden- 
tical results. 

The 67-in. Second Mokelumne Aque- 
duct, also cement-mortar lined, was 
tested shortly after installation in 1949 
and showed a C value of 147.3 in a 50- 
mile section of fairly straight pipe with 
few constrictions or obstructions. 

A few hundred feet of the district's 
54-in. Wildcat Aqueduct was removed 
in 1951 because of street changes. The 
pipe is of the vertically cast steel evlin- 
der type. Close examination revealed 
that, after 23 years of use, the interior 
surface is practically like new except 
for a slight sandpaper effect, due ap- 
parently to the solution of some cement 
by the soft water carried. Where the 


lining or coating was chipped off in 


the examination, the steel showed no 
deterioration. 

It would appear to be a safe assump- 
tion that the permanent coefficient for 
a steel pipe lined with cement mortar 
by the most modern techniques and 
carrying water of normal pH will be 
approximately 145, based on the net di- 
ameter—that is, inside the lining. By 
“permanent” the author means at least 
100 years, which is as long a period as 
is important in choosing between al- 
ternate designs in most engineering 
structures. 

Early methods used by the East Bay 
Municipal Utility Dist. in coating steel 
pipe with cement mortar involved 
wrapping the pipe with 2 x 4-in. 13- 
gage welded wire mesh reinforcement 
and applying the mortar over this with 
a cement gun, Although this method 
was successful, difficulty some- 
times experienced because of sagging 
of sections of the coating, which then 
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had to be cut out and replaced. It is 
highly probable that defective 
areas of this nature were not discov- 
ered. The method now followed is to 
wrap the bare pipe with }-in. or larger 
rods spaced about 2 in. apart and ap- 
plied under considerable tension, The 
cement mortar is applied over this rod 
with a cement gun or by mechanical 
means. The bond thus secured is very 
high and results in remarkable stiffness 
of the pipe shell against collapse. If 
sections of the coating are broken with 
a hammer, the cleavage will generally 
occur along the centerlines of the rods 
rather than at the pipe surface. 

Paul and Eide (2) have described 
tests made by the district on a 48-in. 
pipe consisting of }-in. steel plate with 
cement-mortar lining {-in. 
coating. The wire reinforcement was 
| in. at 2 in, centers, applied with an 
initial stress of 5,000 psi. The pipe 
was buried in a trench to simulate nor- 
mal installation, and the air was re- 
moved by a vacuum pump. No col- 
lapse occurred although almost a com- 
plete vacuum was attained. A 36-in. 
pipe, thick and similarly lined 
and coated, sustained an external liquid 
pressure of 76 psi before collapse— 
approximately 600 per cent higher than 
the computed strength of a bare eylin- 
der of the same and thickness. 
Such shell stiffness is of great value in 
saving the expense of vacuum valves, 
in supporting deep backfills, and in pro- 
tecting the lining and coating during 
the handling of the pipe sections. 

Cement mortar in intimate contact 
with a steel surface provides an alka- 
line environment, a condition which 
protects the metal from corrosion, Ac- 
cording to Speller (3), the initial rate 
of corrosion in alkaline solutions 1s 
roughly the same as in neutral solu- 
tions, but the rate of corrosion de- 
creases in the alkaline solution because 
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of the formation of a protective film of 
ferrous hydroxide rust on the metal 
surface. This film insulates the metal 
from electric-current flow and_ thus 
largely stops further corrosion. 

Although cement-mortar coated pipe 
has been used by the district for instal- 
lations in every type of soil, only two 
corrosion failures have beer experienced 
with such a coating. Both were in a 
24-in. line installed in 1936. At points 
where the pipe crosses small swamps, 
the coating disintegrated and the steel 
corroded through in a period of 14 
It was found that the line was 
carrying an electric current which dis- 
charged from the pipe into the wet soil 
at the points of failure. The pipe was 
repaired and cathodic protection was 
installed to the current flow. 
This measure seems to have solved the 
‘problem completely. 


years. 


reverse 


These failures bring out the only ap- 
parent weakness of cement-mortar coat- 
ings. As the material has some degree 
of porosity, if the ground is wet and, 
particularly, if the ground water con- 
tains salts in solution, electric current 
can pass through and disintegrate the 
coating. An undercoating of bitumi- 
nous material has been used by some 
engineers, but this interferes with the 
bond of the cement mortar, particularly 
if the rod-wrap method is employed. 
Also, some crevices in the undercoating 
under such conditions could mvite a 
concentrated electric discharge at these 
points, resulting in rapid perforation 
of the steel. The author believes that 
the mortar should be applied to the bare 
metal and that insulating joints or 
cathodic protection should be provided 
to stop the flow of long-line currents. 
A possible additional or alternative pre- 
caution would be to apply a bituminous 
material over the coating in  bad-soil 
areas, thus reducing the porosity and 
increasing the electrical resistance. 
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Pipe of the so-called “modified pre- 
stressed concrete cylinder” design em- 
ploys a relatively thin steel cylinder 
which, after lining, is wrapper with rod 
under predetermined This 
procedure places the cylinder and lin- 
ing under initial compression. By 
proper selection of the type of steel 
used in the cylinder and rod, both will 
be brought to the working 
stress when the pipe is under the de- 
signed pressure. 

One of the most valuable characteris- 
tics of cement mortar as a lining or 
coating is that the success of the mate- 
rial is not affected by minor variations 
in the mix, the surface of the steel, or 
weather conditions during application. 
The surface needs only to be clean. 
Moisture, of course, is unimportant, 
and mill scale or spots of rust do not 
have to be removed. Because the 
equipment required for application 1s 
not of great complexity, it can be 
moved to the site of the work for a job 
of considerable thus obviating 
transportation of the heavy lined pipe 
sections. 

With proper application and in nor- 
mal conditions, cement-mortar 
coatings are permanent, in the usual 
sense of the term. Also, cement linings 


tension. 


desired 


size, 


soil 


in pipes carrying water of sufficient 
hardness not to dissolve the lime of the 
cement do not appear to be materially 
affected by age. Consequently, it may 
be assumed that the first cost is the 
only cost in such installations, 
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MPMHE management tool, cost control, 
PF has been developed and utilized ex- 
-tensively by competitive industry to ac- 
-complish two things : first, to enable the 
establishment of proper prices to cover 
the articles produced and sold; and 
second, to enable management to watch 
the costs of production so that the 
finished will be than the 
prices at which the goods are to be sold. 

The water works industry has been 
slow in adopting cost control as an 
ordinary management tool, principally 
because the element of competition is 
lacking. Other public utility services 
have adopted cost control to a greater 
extent than has the water works indus- 
try, because they do experience com- 
petition even though they also operate 
as monopolies. The products and serv- 
ices of the electric, gas, and transporta- 
tion utilities are definitely in a competi- 
tive field, 

Cost control may be defined as the 
obtaining of minimum operating costs 
and resultant maximum net revenues 
by preparing, considering, and acting 
upon cost analyses. “Cost accounting,” 
an essential element of cost control, is 
defined as “that method of accounting 
which provides for the assembling and 
recording of all elements of cost in- 
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curred to accomplish a purpose, to 
carry on an activity or operation, or to 
complete a unit of work or a specific 
job” (7). 


Cost Control Procedure 


Cost control has three primary ele- 
ments, all of which must be carried 
through to completion if full benefits 
are to be obtained: 

1. Management must set up the tools 
it needs, principally general-accounting 
and cost-accounting systems. Although 
most utilities do have general-account- 
ing systems, the practice of cost control 
may require modifications so that man- 
agement can obtain the accounting in- 
formation it needs. Cost-accounting 
practices utilize much data assembled in 
general accounting, but, in addition, 
require-a number of specialized ac- 
counting procedures. 

2. Management must review, on as 
current a basis as possible, the account- 
ing and cost information reported to it. 

3. Management must act to improve 
the personnel, organization, operating 
facilities, and operating practices, as in- 
dicated by its analyses of the cost in- 
formation, 

The accounting procedures involved 
in cost control include : : 
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1. General accounting—operating in- 
formation, Proper general-accounting 
practices will produce, or should be 
made to produce, information covering : 
revenues; operating expenses; main- 
tenance expenses; depreciation; taxes; 
interest and other income deductions: 
and net income. Certain other infor- 
mation, depending upon the specific 
utility involved, will also be produced. 
The categories mentioned are only the 
primary ones. 

2. General accounting—property in- 
formation. Good general-accounting 
practices wili produce monthly and an- 
nual information on the costs of prop- 
erty additions and retirements, by prop- 
erty classification. Inasmuch as_ in- 
stallation of property causes certain 
expenses generally termed “overhead,” 
the general-accounting practices will 
develop the overhead charges which 
should be made to the various prop- 
erty accounts. 

3. Customer accounting and collect- 
ing. Although accounting information 
of this type may not appear to be es- 
sential in the practice of cost control, 
it valuable to management, which 
must know where the product is going, 
the percentage being delivered to vari- 
ous types of customers, whether their 
payments for the product and _ service 
compensate for the costs involved, and 
whether the amounts owed are being 
collected. The basic data required are: 
sales, by customer classification; reve- 
nue, by customer classification; and 
collections and delinquencies. 

4. Expenditure accounting. Account- 
ing in this category is usually in ad- 
dition to general accounting. The ac- 
tivities involved cover: 

a. Purchasing. All utilities follow 
purchasing practices which range from 
well organized to chaotic. A satisfac- 
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tory purchasing procedure calls for 
the organization of the steps involved, 
and the institution of control when nec- 
essary, to meet the needs of each spe- 
cific utility operation. Variations are 
dependent upon the size of the utility 
and whether or not utility purchases 
are combined in any manner with other 
departmental or utility activities. 

b. Stores—materials and supplies. 
Water works materials and supplies 
are used for operations, maintenance, 
or construction of new facilities. Ex- 
penditures for such materials and sup- 
plies must be properly accounted for, 
to enable charges to be made to the spe- 
cific operations or jobs involved. In- 
ternal organization and control are nec- 
essary, not only to show the use of, but 
also to prevent the loss of any stores. 
Contractual services. Water util- 
incur expenses for services or 
equipment provided by outsiders. 
These items include construction by 
contract, rent, insurance, transporta- 
tion services, telephone, and postage. 
As these expenditures are often a large 
part of the total, the accounting pro- 
cedures should record such expenses 
in reasonable detail, by categories. 

d. Equipment. Cost data must be 
kept covering the principal individual 
pieces of equipment—such as transpor- 
tation units, heavy construction ma- 
chinery, and costly office equipment 
like billing machines—in order to en- 
able management to determine when 
such items should be replaced. Cost 
records for smaller items, such as me- 
ters, may be kept by groups of similar 
units. 

e. Payroll. A large part of the util- 
ity’s total expenditures is the payroll 
for wages and salaries. Because the 
work involved covers both operations 
and construction, expenditures for pay- 
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roll must be properly allocated. In ad- 
dition to the dollars involved, summary 
data concerning the number of em- 
ployees, hours of work, and the like 
must be kept if management is to use 
payroll information to gage the effi- 
ciency of operations. 

5. Cost accounting. The accounting 
and statistical data must be further de- 
veloped to produce, first, suitable units 
for each classification of operation and 
property which is to be subject to cost 
control; and, second, figures for the 
cost of these units of performance or 
property. A work order system must 
he followed to allow the identification 
of costs chargeable to individual jobs 
or projects. 

6. Reports. Management, to exer- 
cise cost control, must receive periodic 
reports of the various items involved. 
These reports are made daily, weekly, 
monthly, and annually, depending upon 
the fluctuations in pumpage and sales, 
the employees’ work load, and the need 
for making changes in operating and 
construction schedules and_ practices. 
The reports will normally be prepared 
by the persons handling general- and 
cost-accounting work, although, in 
small utilities, they may have to be pre- 
pared by management personnel. The 
reports are of three types: financial— 
operating, maintenance, and property ; 
statistical—tabulations and graphs, pre- 
sented in the manner which will best 
show the statistics involved; and per- 
formance—covering operations and in- 

-stallation of property additions. 


of Cost Control 


The proper use of cost control allows 


loads of employees and groups of em- 
ployees; [2] determine the efficiency 
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of employees, equipment, and practices ; 
|3| measure the capability of employ- 
ees and equipment to meet potential 
demands for water and service; [4| 
plan the economical expansion of facili- 
ties to handle growth; and [5] budget 
for future expansion and construction. 

The accounting and other informa- 
tion developed in cost control is gen- 
erally applied to the comparison of 
present with past unit costs and the 
comparison of unit costs with similar 
unit costs in other utilities. The latter 
is only possible if standard units and 
standard accounting practices are used 
by the utilities being compared.  Ac- 
counting classifications recommended 
by the National Assn. of Railroad 
and Utility Commissioners have been 
adopted by many public service com- 
missions for use by privately owned 
and operated utilities. Municipally op- 
erated utilities which have adopted this 
classification system may also be able 
to make comparisons of unit operating 
and construction costs. 


Unit Costs 

In the category of operating and 
maintenance expenses, determination 
of the following unit costs is desirable: 

1. Operating expenses, by classifica- 
tion, per thousand or million gallons 
pumped and per average customer sup- 
plied, for the current month and _ for 
the elapsed period in the current year, 
with comparable figures for the same 
period of the previous year or years. 

2. Maintenance expenses, by prop- 
erty classification : pumping and purifi- 
cation, per thousand or million gallons 
pumped; mains, per mile in service; 
services, meters, and fire hydrants, per 
unit. 

Unit costs of property items, sub- 
divided into material, labor, contractual 
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service, overhead, and so forth, are de- 
sirable for the installation of: 

1. Water mains—per foot for each 
size 

2. Services—per unit and per foot 
for each size 

3. Meters—per unit for each size 

4. Hydrants—per unit for each size. 

Statistical reports are necessary, cov- 
ering, but not limited to, the following : 

1. Customers—monthly increase and 
cumulative number 


2. Water pumped—monthly — and 
cumulative for year 
3. Water used in company opera- 


tions, at the plant, in the meter depart- 
ment and for construction purposes— 
monthly and cumulative for year 

4. Water sold—monthly and cumu- 
lative for year, with reasonable esti- 
mates being made for unmetered sales 

5. Ratio of water sold to net water 
delivered to the distribution system 
(this ratio should be considered the 
percentage of water accounted for ) 

Fuel or power used—monthly and 

cumulative, by operating classifications 

7. Cost of fuel or power used by 
each operating classification and per 
million gallons pumped in each oper- 
ating classification 

8. Chemicals used—in pounds, by 
chemical name 

9, Cost of chemicals, classified by 
units of each chemical and per million 
gallons produced. 


Practices Subject to Cost Control 

The application of proper cost con- 
trol procedures by management will 
allow conclusions to be reached and de- 
cisions to be made concerning : 

1. Kind of power to be used for 
pumping 

2. Desirable sizes of plant units and 
facilities 
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3. Materials for and sizes of water 
mains 

4. Method of installation of facilities 
—that is, force account or contract 

5. Selection of equipment of various 
kinds 

Choice of alternate facilities, such 
as between distribution storage, trans- 
mission mains, and booster pumps, or 
between elevated and surface storage. 

Operating practices which lend them- 
selves to cost control are : 

1. Establishment of plant operating 
schedules, which may be affected by 
personnel costs, purification 
pumping costs, and changing demands 
placed upon the system by customer 


use. 


2. Selection of optional power rate 


schedules which may carry varying de- 
mand and energy charges, to obtain 
the lowest power costs for handling 
the pumping schedule required to meet 
customer demands. 

3. Meter particu- 
larly the economics of repairing or re- 
placing meters. 

4. Determination of efficiency of per- 
sonnel, particularly the work load 
individuals and groups, and the desira- 
bility of shifting employees 
work classifications when 
changes occur, 

Determination of the efficiency of 
equipment to give information on the 


costs, 


repair practices, 


between 


work load 


need for maintenance or replacement. ime 
Difficulties Encountered 


An element in the comparatively 


small use of cost control in the water 
industry is that water works manage- 
ment frequently includes persons who 
do not understand the benefits which 
can be obtained from proper and more 
complete accounting information. 
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Management often is, or thinks it is, 
too busy to spend time studying ac- 
counting data. 

Management may be reluctant to 
spend money on accounting procedures 
having only indirect value. Too often 

the tendency is to require less, rather 
than more, accounting information, 
with the result that the accounting in- 
formation produced is of little worth in 
operating a utility property. 
Employees are reluctant to perform 
the paper work involved in accounting 
and cost control. They are more in- 
terested in work where the accomplish- 
ments are evident. Constant pressure 
must be put upon employees to report 
promptly and accurately all work done. 
_ The accounting reports may be made 
too late to be of maximum value. As 
previously stated, daily and weekly re- 
ports are sometimes needed. For prac- 
tically all operations, monthly sum- 
-maries should be Annual _re- 
ports are of minor importance in cost 
control, as they are reporting ancient 
history by the time they are developed. 


made, 


Recommendations 


It is recommended that those respon- 
sible for the management of a water 
utility should : 

1. Compare the accounting practices 
of their utility—particularly cost and 
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mended standards. Outside account- 
ants may help with this comparison. 
The Manual of Water Works Account- 
ing (1) covers these subjects excel- 
lently. 

2. Determine what cost information 
is desired and set up a system to pro- 
duce it. A modest beginning is best. 

3. Check the various records being 
kept and reports being made to deter- 
mine whether the desired unit costs can 
be obtained. At the same time deter- 
mine whether certain records currently 
being kept are actually and 
should be eliminated. 

4. Supply cost information to all wa- 
ter works personnel who can assist in 
controlling costs. The efficiency of 
operations, including theirs, is measur- 
able by the costs of performance. Some 
records, such as automobile 
should be posted for all to see. 

Keep cost information on a cur- 
rent basis. Old records are good only 
for comparisons with current data. 


useless 


sts, 


6. Decide to spend enough time on 


cost control so that it may become a 
useful management tool, to the end that 
expenses may be reduced and net in- 
come increased. 


Reference 


1. Manual of Water Works Accountiny. 
Munic. Finance Officers Assn. and Am. 
Water W orks Assn., New York (1951 ¥ 
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‘Remote Pump and Valve Controls 


By Leslie Paul 


A paper presented on Oct. 30, 1952, at the California Section Meeting, 


Pasadena, Calif., 


East Bay Municipal Utility Dist., 


HE East Municipal Utility 

Dist. is the principal water supply 
agency for ten cities and a large unin- 
corporated area on the east side of San 
Francisco The area served 1s 
more than 200 sq miles in extent with 
a total population well in excess of 
900,000. 

The average consumption at present 
is approximately 113 mgd, of which 
approximately 35 mgd must be pumped 
from an elevation of 250 ft to elevations 
varying up to 1,552 ft. As a large por- 
tion of the area served is broken, moun- 
tainous terrain, the water must be 
lifted through 67 distribution pumping 
plants, in which the pumping units 
range from 1.5 to 500 hp. Each of the 
two largest distribution plants have two 
units, each unit being capable of lifting 
3,400 gpm through a total dynamic 
head of 525 ft. The total connected 
load of the distribution pumping plants 
is 10,800 hp. 

The district also has four transmis- 
sion pumping plants with a total: con- 
nected load of 14,950 hp, the largest 
plant having two 4,000-hp units. At 
present, the transmission pumping 
plants are out of operation and are 
maintained for emergency or standby 
purposes only. In connection with its 
filter plants, the district also operates 
six auxiliary pumping plants totaling 


475 hp. 


say 


Bay. 
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Altogether, there are 77 pumping 
plants with a connected load of 26,205 
hp. Of these, the distribution pump 
ing plants are of most interest because 
they include the greatest variety of 
automatic operating features. 


Early Installations 


The first automatic pumping plants 
were controlled through float switches 
at the tanks being served by the pumps. 
In time most of the float switches were 
replaced by O-15-psi pressure switches 
installed in the inlet pipe to the tanks. 
The pressure switches less than 
half as much as float switches, required 
no float pipes or guide wires inside the 
tank, and were more than 
float switches. 

A disadvantage of the ‘pressure 
switch lay in the fact that it was slightly 
less accurate in setting because of the 
velocity head in the main entering the 
tanks where the pressure had 
to be installed, but it accurate 
enough to be practical. 

Another difficulty, 
types of switches, especially those in 
stalled in outlying areas, occurred when 
small spiders entered the enclosures of 
the switches, spun completed 
their life cvele, and died. Ants would 
then enter to eat the remains, often 
causing shorts across the small switch 
terminals or so plugging up the small 


cost 


accessible 
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contact mechanisms that the switches 
could not operate. 

In the earlier installations, these 
float or pressure switches were con- 
nected to the control circuit of the mo- 
tor starters through a pair of wires 
hung in trees or installed on crude pole 
lines. Most installations were in the 
outlying service areas, where efforts to 
economize introduced hazards and im- 
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well, but it had its disadvantages. It 
was expensive; it was often broken by 
sewer contractors and by other utilities 
installing their own facilities; and the 
armor on the outside of the cable ulti- 
mately succumbed to electrolytic corro- 
sion. Efforts to economize during the 
depression led to the substitution of 
trenchlay for parkway cable. Like 
parkway cable, this was a lead-covered 


18.74 in. — | 


23.78-in. id Cement Lined 


Crockett No. 2 
Pumping Plant 
Carquinez Bridge 


Crockett Res. 1 mil gal 


ITY CREEK 


Distance — 1,000-ft units 


Fig. 1. 


Hydraulic Characteristics of Crockett Pipeline 


Remote-control equipment maintains the desired water level in Crockett Reservoir 


by activating the pumps in Plant No. 1 and, if necessary, in Plant No. 


? 


The distance 


shown on the horizontal scale is measured from 21st Street and Nevin Avenue. 


posed an excessive amount of main- 
tenance work. Poie lines were expen- 
sive; it was difficult to cbtain rights of 
way for them; and district participation 
in a “joint pole agreement” with other 
utilities met with legal obstacles. 
Some of these difficulties were sur- 
mounted by laying No. 14 duplex park- 
way cable in the trench when installing 
a pipeline between a tank and a pump- 
ing plant. This method served fairly 


7 


cable with a protective covering of jute 
on the outside, but, unlike parkway, it 
had no steel armor outside the jute. 
When found by the laborers of con- 
tractors and other utilities, it was fre- 
quently mistaken for tree roots and 
chopped away. 

Plastic insulated wire, when first in- 
troduced during the WPA days of the 
depression, was recommended by the 
manufacturer as the best material yet 
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developed for buried signal lines. This 
material was tried out on one job and 
was strung along in the trench with the 
pipe. Unfortunately, the trench had 


heen cut through rocky material and 
the plastic wire was promptly chopped 
to pieces by the broken-rock backfill 
and by the sharp edge of the round- 
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the district still has seventeen in use for 
various control purposes. Leased sig- 
nal channels are comparatively expen- 
sive, however, and are subject to in- 
terference from telephone company 
employees who, for test purposes, occa- 
sionally open the circuits at the tele- 
phone exchanges or on pole lines in 


Total Dynamic 
Head 


No Consumer 


Load 
Oak Kno 


Flowline 591.0 


Head-Capacity Band 
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Bottom 562.50 
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Horsepower — bhp 


Horsepower 
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Head — ft (above el. 382.25) 
Elevation - ft 


T 


M Efficiency 
Max. Efficiency | 80.5% 


T 


Efficiency — per cent 


A Upper San Leandro Clear-Water Basin Flowline El. 382.25 


C Bottom El. 361.50 
4. 


6 6 10 12 
Quantity — 100-gpm units 


Fig. 2. Centrifugal Pump Characteristic Curves—Oak Knoll Plant 


Lines A and C shew flowline and bottom elevations for the clear-water basin. Lines 

E and F show these elevations for Oak Knoll Reservoir. The bands formed by the 

characteristic curves reflect the water level conditions in the reservoirs. The left- 

hand ordinate scale applies to head, efficiency, and horsepower, the head being meas- 

ured in feet above the flowline elevation of the San Leandro Basin; the efficiency, in 
per cent; and the horsepower, as brake horsepower (bhp). 


nose shovels used for placing and tamp- 
ing the backfill. 


Telephone Signal Channel Controls 


The troubles connected with buried 
signal lines brought about the use of 
leased telephone lines by the district. 
These were partially satisfactory and 


yr 


rural areas, thus deenergizing the hold- 
ing coils in the various control devices 
and shutting down operations. Also, 
dust collecting on the line insulators 
during the summer absorbs fog and 
dew in the early fall, causing current 
leakage to the ground. This condition 
lasts until the first rains wash off the 
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insulators. In the interest of safety, the 
telephone company limits direct current 
to 135 v line to ground and 270 vy line 
to line. If alternating current is used, 
it must not exceed 120 vy line to ground 
or line to line, and the frequency must 
be limited to 15 cycles per second. 
These restrictions necessitate another 
relay step in control circuits. 

Figure 1 shows the pipeline profile 
and the hydraulic gradients of the dis 
trict’s most spectacular installation in 
volving a leased telephone line for 
pump control. This pipeline, which 
serves water to the city of Vallejo and 
the California Hawaiian Sugar Re- 
finery, has a 23.78-in. inside diameter 
and 1s approximately 12 miles long. It 
was designed for a gravity flow of 6.5 
mgd, but, owing to the expansion of 
war industries, two booster pumping 
plants in series, each pumping around 
dividing check valves, were inserted in 
the line to increase the flow to 15 mgd. 
A telemetering transmitter on the roof 
of the 1I-mil gal Crockett 
emits a signal which records the reser- 
voir water level on charts in the two 
pumping plants and the supervisory 
station at the San Pablo Filter Plant. 
If gravity flow will not supply the load 
and the water level in the tank falls, a 
mercury switch attached to the pen arm 
shaft of the telemeter water level re- 
ceiver in Plant No. starts” three 
pumps in sequence, controlled through 
a rotary-cam_ selector switch. This 
switch was designed and developed by 
J. O. Harvey, a district employee. If 
the water level in the reservoir con- 
tinues to fall, identical equipment starts 
the pumps in Plant No. 2. These 
pumps operate until the water level is 
restored to a given elevation in the res- 
ervoir, at which time a mercury switch 
in the telemeter receiver of Plant No. 2 
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takes the pumps off the line. When 
the reservoir is again full, the pumps in 
Plant No. 1, as in Plant No. 2, are shut 
down in the reverse order of starting, 
and the system returns to gravity flow. 

The distance between Plant No. 2 
and the reservoir is approximately 2 
miles, while the distance between the 
reservoir and Plant No. 1 is approxi- 
mately 7 miles. The same circuit car- 
ries the water level message to a re 
corder at the San Pablo Filter Plant, 
which is 17 miles from the reservoir. 
The control signal channel, however, 
takes a longer, roundabout course 
through five telephone exchanges be- 
tween the reservoir and the filter plant. 
This system, in operation for 9 vears, 
has been very successful. 


Controls Without Signal Lines 


There has long been a desire to find 
some way of controlling pump opera- 
tion without the use of wires between 
the reservoir and the pump. The auto- 
matic control systems now used by the 
district have been evolved over many 
years. At present most of the smaller 
plants operate on the “time-start and 
pressure-stop” system, while the larger 


plants, pumping to the larger reser 
voirs, where it is impractical to install 
altitude valves, operate on the “time- 


start” and “‘time-stop” The 
latter requires only the inclusion of a 
time switch in the control circuit of the 
motor. For the conditions existing at 
these plants, time switch control is en- 
tirely satisfactory. The former system 
requires a time switch and a pressure 
switch in the control circuit of each 
motor, an altitude valve at the tank or 
reservoir, and a pump with a fairly 
steep head-capacity curve. This sys- 
tem has been used by the district for 
approximately 12 years and is coming 


system. 
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into more general use by others. Its 
application in district design and op- 
erating practice is unique, however. 

Figure 2 shows the three typical 
characteristic curves for a centrifugal 
pump: head-capacity, brake horse- 
power—capacity and efficiency-capacity. 
For best results, the head-capacity 
curve should be fairly steep with a ris- 
ing characteristic. As illustration, the 
author has selected a typical set of 
curves from the Oak Knoll Pumping 
Plant. 

Line A is the baseline to which 
everything on the rest of the chart is 
referred. As the normal condition of 
a good distribution system reservoir 1s 
full, Line .1 represents the flowline 
of Upper San Leandro Clear-Water 
Basin, from which the water is being 
pumped, The line also represents the 
abscissa for the graph and is divided 
into 100-gpm intervals. The flowline 
(A) is taken as the zero point for the 
ordinate scales on the left side of the 
graph. The ordinate scale showing 
head in feet above el 382.25 (the clear- 
water basin flowline) is used for plot- 
ting Curve B, the head-capacity curve 
of the pump. Because the clear-water 
basin may not always be full, however, 
the plot of the head-capacity curve is 
repeated as Curve ), which is referred 
to the bottom of the clear-water basin 
(Line C). Thus, the head-capacity 
curve is not a single curve, but a family 
of curves represented by a broad band 
which is related to another broad band 
hased on the reservoir water level. 

The pump is lifting water to Oak 
Knoll Reservoir with a flowline repre- 
sented by Line £ and a bottom eleva- 
The inter- 


tion represented by Line /’. 
section of this band and Band BD fixes 
the limits of the varying static head, be- 
cause the pump may have to lift water 
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from a nearly full reservoir to a nearly 
empty reservoir or from a nearly empty 
reservoir to a nearly full reservoir. 4, 

In addition, the pump must 
overcome the friction head of the piping 
system between the lower and up- 
per reservoirs, and, when this is super- 
imposed on the static-head band, an- 
other band, bounded by the exponen- 
tial curves G and H, is derived. This 
hand, referred to Band AC, represents 
the total dynamic head with no con- 
sumer load against which the pump 
must work. As the consumer load in- 
creases, Band G/H/ tends to bend down 
to approximate Band /J. If the pump 
is delivering more than the consumer 
load, some water will flow into the res- 
ervoir, but if the consumer load is 
greater than the capacity of the pump, 
Curve GH will bend down to approxi- 
mate Band AL, because water is com- 
ing from both the reservoir and the 
pump to satisfy the consumer load. 

There is thus established an open- 
system operating area for the pump, 
hounded by curves B, D), G, and L. 
The first three of these curves represent 
limiting values definitely fixed by the 
physical characteristics of the pump, 
the elevation of the water in the reser- 
voirs, and the characteristics of the pipe 
system. The fourth side of the area, 
hounded by Curve L, remains a vari- 
able and is a function of the consumer 
load, changing from moment to mo- 
ment. 

It should be noted that this operating 
area covers the top and most favorable 
part of the efficiency curve, 4, and that 
the 100-hp motor is not overloaded at 
any point, as shown by Curve N. 

Suppose now that the heavy con- 
sumer load for the day has tapered off, 
the reservoirs are nearly full, and the 
operating point of the pump has reached 
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Point O when Oak Knoll Reservoir 
fills and the altitude valve begins to 
wHase. A transition from pumping into 

_ an open system to pumping into a par- 
“tally closed system is now imposed on 
the pump, and the operating point, O, 
begins to move up and out of the open 
system area toward Point P. At P, a 

pressure switch in the pumping plant 
_ opens, deenergizing the holding coils in 

the control circuit of the motor, and the 
pump stops. As soon as the pressure 
on the reservoir side of the altitude 


and the reservoir satisfies the call of the 
system for water until the next cycle 


In some automatic pumping systems 
in which the piping grid is not very 
well developed, starting and stopping 
pumps against open valves may intro- 

In this 
situation, slow-opening and slow-clos- 
ing, solenoid-controlled, hydraulically 
operated valves (with quick-closing 

sal of flow due to power failure) have 
given very satisfactory results. The 

‘pressure switch operates the four-way 

solenoid valve, causing it to close, and 

a time delay relay opens the pump con- 

trol circuit when the valve is closed or 

a limit switch on the valve opens the 

circuit when the valve is nearly in the 

closed position. The time switch for 
activating a pump equipped in_ this 

manner starts the pump and causes “he 
four-way solenoid valve to begin open- 
ing the main control valve at the same 
instant, 

If pressure disturbances—such as the 
too rapid closing of altitude valves, 
pressure regulators, fire hydrant valves, 
processing valves in a consumer's es- 
tablishment, or blowoff valves or gate 


LESLIE 


PAUL Jour. AWWA 
valves in the grid system—might in- 
terfere with the proper functioning of 
pressure switch devices, their smooth 
operation can be assured by including 
a small air dome, approximately 18 
in. long and 14 in. in diameter, in the 
pressure lead to the switch. 

There are many pressure limit and 
time switches and time delay relays on 
the market which are applicable to this 
type of control, The time switches 
vary from the ordinary three start and 
stop per day type to the fancy program 
clocks which allow starts stops 
every few minutes. Pneumatic time 
delay relays are best for use in this ap- 
plication. There are several good elec- 
tric pump control valves on the market 
with all of the pilot controls built into 
the valve assembly. 


Control Valves 


Conditions at some points in the dis- 
trict distribution system have war- 
ranted the installation of rate-setting 
valves remotely controlled from central 
dispatching points, such as filter plants. 
At present the district has five of these 
valves, all operated by three-phase 
motors which can be pushbutton-oper- 
ated at the valve, as well as from the 
remote control station. 

A typical installation is the Genoa 
Street valve station, which was the first 
of this kind installed by the district. 
The main features of this station are a 
venturi tube and telemetering register, 
a 30-in. lubricated plug valve, and a 
leased telephone signal channel between 
the Orinda Filter Plant and the valve 
station. The signal channel serves four 
purposes : it transmits through the tele- 
metering device the flow rate in the 
pipeline, indicates valve position, opens 
the valve, and closes it. If it is de- 
sired to increase the rate of flow, the 


— valve become iter than that on tl 
pipeline side altitude valve 
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operator at the filter plant, which is ap- 
proximately 10 miles away, pushes a 
button marked “open.” This operates 
two relay systems, one of which tem- 
porarily takes the flow rate telemeter- 
ing equipment out of service, while the 
other, which connected into the 
control circuit on the valve motor, 
causes the valve to open through an are 
of 5 deg. 


1s 


At this point, the valve con- 
trol circuit is disconnected and the tele- 
metering circuit is reconnected, requir- 
ing the operator to wait until he can 
get a reading on the chart register be- 
fore pressing the button for another 
turn of 5 deg or less, as required. This 
control system, originated by William 
A. LaViolette (7, 2) of the Pacific Gas 
and Electric Co., for use on its high- 
pressure gas lines, has been modified 
for district Operators of high- 
pressure gas lines must contend with 
Charles’ and Likewise, 
operators of high-pressure water lines 
must contend with the incompressibility 
of water and attendant water hammer 
phenomena. The feature of limiting 
the valve travel to 5 deg came about 
through experience which revealed that 
operators on duty sometimes became 
nervous and, in panic, would fail to 
synchronize flow rate properly with 
valve positioning. Limiting the valve 
travel imposes a waiting period which 
allows the system to become stabilized 
so that a good flow chart reading can 
be obtained before pushing the button 
again for further opening or closing. 
Valve travel limitation also reduced to 
a minimum the generation of water 
hammer surges in the pipeline. This 
limiting feature is used on all of the 
other supervisory control valves in the 
district. In addition, it is necessary for 
the operator to hold his finger on the 
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button to obtain a response from the 
valve motor. 

Another installation, the 82nd Ave- 
nue rate control valve, has the same 
system of control as the Genoa Street 
valve, except that the venturi tele- 
metering system is separate from the 
valve control, because the venturi meter 
is ina different location from the valve. 
This installation has a 30-in. rotating 
plug which is mechanically jacked from 
its seat before turning. The valve is 
controlled at the Upper San Leandro 
Filter Plant, from which water flows 
to the valve. 

A third installation, with a 36-in. 
valve of the type used at 82nd Avenue, 
is the raw-water control valve at the 
San Pablo Filter Plant. The distance 
between the valve and the control cabi- 
net in the filter plant head house is only 
600 ft, and the telemeter and valve con- 
trol circuits are separate. As this is 
not a leased telephone line, the control 
circuit is alternating current and the 
pushbuttons directly energize the hold- 
ing coils of the reversing motor starter. 
selsyn motor system indicates the 
position of the valve and has its own 
circuit. 

The Leland rate control valve sys- 
tem, which is not yet complete, is a 
duplicate of the 82nd Avenue system, 
except that a 24-in. lubricated plug 
valve will be used. This valve will be 
controlled from the new Lafayette Fil- 
ter Plant. 

The Central Reservoir control valve 
system is essentially the same as the 
Genoa valve installation, except that 
the valve used 16-in. ball valve. 
This valve is also controlled from the 
Orinda Filter Plant, which is approxi- 
mately 13 miles away. The single sig- 
nal channel will have an extra burden 
to carry, however, as it will not only 
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have to control the opening and closing 
of the valve and record the venturi 
meter flow, but will also have to record, 
on the same chart at the Orinda Filter 
Plant, the water level in the 158-mil gal 
Central Reservoir. This will be done 
by polarizing circuits and alternately 
receiving the venturi meter message for 
75 min and the water level message for 
15 min. Flow is favored in this way 
because the water level will not change 
valve, both the flow and water level 
telemeters will be temporarily taken 
out of service until the new rate is set. 

During early work with leased tele- 
phone some difficulty 
was experienced in making adjust- 
ments on newly installed equipment be- 
cause of the great distance between the 


signal channels, 


transmitting and receiving apparatus. 
This trouble was overcome 
through the use of a pair of U.S. Army 
field telephone sets. By connecting the 
telephones at both ends of a leased line, 
vocal communication could be estab- 
lished hetween the transmitting and re-_ 


soon 
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ceiving stations, and much time lost in 
travel back and forth between the two 
stations was eliminated. Ordinarily, 
the telephone companies forbid private 
equipment to be connected to their fa- 
cilities, but connections of this kind 
made for maintenance and adjustment 
purposes are not prohibited if they are 
temporary or and if the 
spoken messages are terse and confined 
to the particular apparatus under ad- 
justment. 

The successful operation the 
economies effected by these automatic 
and supervisory facilities warrant their 
expanded use as the East Bay Munici- 
pal Utility Dist. continues to extend its 
service 
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By Jack H. Wyatt 


A paper presented on Oct. 3U, 1952, at the California Section Meeting, 


Pasadena, Calif., by Jack H. 
Diz. of Water Resources, 


A QUANTITATIVE analysis com- 
prises five operations : 


1. Sampling to secure known 
amount of representative material. 

2. Separation of the substance to be 
measured from interfering substances. 

3. Conversion to a form suitable for 
measurement, 

4+. Measurement of a property which 
known relationship to the 
amount or concentration of the desired 
substance in the sample. 

5. Calculation of the 
from the observed data. 

Instrumentation is concerned prin- 
cipally with the measurement step— 
in the older procedures, measurement 
of mass or volume, The buret is inex- 
pensive and sufficiently accurate for 
most purposes, The analytical balance 
isa marvelously accurate instrument ; 
it is not unduly difficult to perform 
measurements reproducible to 1 part 
in 1,000,000 on any good balance, Un- 
fortunately, this high instrumental ac- 
curacy has fostered a greatly exagger- 
ated idea of the accuracy of gravimetric 
methods in general. Most gravimetric 
and many volumetric methods require 
precipitation, a rather inaccurate oper 
tion. This and other errors in the 
methods are the limiting factors in ac 
curacy and are responsible for the fact 
that, even using an instrument capable 
of 1: 1,000,000 accuracy, actual results 
accurate to 3: 1,000 are regarded as 
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cal results are probably not dependable — 
to closer limits than 1:100. Even 
though the individual chemist may con 
sider his results much better than this, 
collaborative studies have repeatedly 
demonstrated that they are not. 

Because of the associated errors, as — 
well as the large labor requirements, 
measurements of mass and volume are 
gradually being supplemented or sup- 
planted by measurements of interac 
tion with radiant and electrical energy. — 
This discussion is concerned with such — 
measurements, A number of publica- 
tions listed at the end of this paper will 
be found valuable for general reading — 
(7-10). 

In evaluating any method, it is nec- 
essary to consider the following char- 


acteristics as related to the particular 


* 


application Mass sensitivity, 
concentration sensitivity, accuracy, 
ificity, interferences, adaptability 
multiple determinations, speed, and op- 
erating and capital cost. Various in- 


struments will be compared this 


scope 


spec- 


basis. 
graphical comparisons of certain instru- 
ments. 


Radiant Energy 


Radiant energy varies in wi 
and frequency from long, low-fre- 
quency radio waves through the infra- 
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 —speratures, 


red, visible light, and ultraviolet to the 
X rays and cosmic rays. It is emitted 
continuously by all matter, with intensi- 
ties increasing greatly at higher tem- 
To secure intensities useful 
for analytical purposes, special sources 
are used, consisting, in the most useful 
analytical region, of heated matter. 
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or bands characteristic of the emitting 
substance. 

Radiation is usually separated into 
components of various wavelengths be- 
fore measuring. This separation, called 
dispersion, may be accomplished in sev- 
eral ways, which differ greatly in cost 
and in narrowness of separated wave- 
length band, and hence in resolution. 
The simplest and least expensive is the 
light-absorption filter, which costs ap- 
proximately $6.00. It has a half-width 
of about 60 mp (1 millimicron = 10° 
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Approximate Sensitivities to 
Selected Elements 

Curve A represents arc-spark spectrum 
sensitivity; Curve B, flame spectrum 
sensitivity; Curve C, absorption spectrum 


Concentration sensitivity, ppm 
COMMIT Sensitivity after concentration, ppm 


Fig. 1. 


sensitivity; and Curve D, polarographic 
‘ sensitivity in ppm in original sample. 
Concentration is used where applicable. 
Accuracies 


meter) and a total width of significant 
intensity of approximately 120 my. 
The interference filter, costing about 
$25, improved 
half-width, approximately 15 my, but 
only a slightly improved total width, 
approximately 100 mp. It must be il- 
luminated by parallel light. Filters are 
subject to the limitation that it is nee- 
essary to have a different one for each 


The scale at left applies to all character- 
istics shown, with the units as indicated 
¢ in the legend. 


gives a_ considerably 
Radiation is of two types—continuous 
and discontinuous. Continuous radia- 
tion ordinarily is produced by a heated 
solid, such as the filament of an incan- 
descent lamp. Discontinuous radiation 
is produced by heating gaseous material 


to a high temperature or subjecting it 
to an electrical discharge, or both. It 
produces a spectrum consisting of lines 


band to be used. 
Prisms and gratings provide greatly 
improved resolution at a considerable 
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Feh, 
increase in cost. The Beckman * 
Model B prism spectrometer has a 
half-width of approximately 1-10 mp; 
Model DU has a half-width of approxi- 
mately 0.01-10, but the band width 
actually usable with the DU at 500 mp 
is usually approximately 2 mp, which 
can be improved to 0.3 mp if the mini- 
mum slit can be used. The resolution 
of grating spectrographs varies from 
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Fig. 3. Estimated Costs 
The minimum and maximum operating 
and capital costs are compared for various 
instrumental methods. 


about 0.1 mp for the Cenco 7 1 me- 
ter to 0.004 mp or less for the very 
large instruments, Prism spectrographs 
have slightly better resolution in the ex- 
treme ultraviolet than grating instru- 
ments of comparable cost but are much 
poorer at longer wavelengths. Modern 


* Beckman Instruments, Inc., South Pasa- 


dena, Calif. 


+Central Scientific Co., Chicago. 
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gratings have less scattered light than 
prisms but produce overlapping orders 
which may be troublesome in some ap- 
plications. A graphical comparison of 
band widths for various instruments is 
given in Fig. 4 

Measurement of radiation may be in- 
stantaneous or integrating. Visual 
comparison using a neutral wedge can 
be as accurate as most electronic detec- 
tors (1 per cent) but is undesirable 
because of fatigue. Detection by am- 
plified phototube can be extremely sen-— 


Fig. 4. 
Instruments 
A graphical comparison of band widths 
is shown for the following instruments: 
\—color filter, B—interference filter, C— 
spectrophotometer, and 
sitive, but at cost of a degree of noise | 
and instability. The Beckman and 
Coleman £ instruments and the Fisher § 
Nefluorophotometer use this principle. 
Application of the barrier layer photo- 
cell and galvanometer is limited by 
poorer sensitivity and narrower wave- 
length range than are available with a 
selection of phototubes, but it is proba-_ 
bly the most stable and generally satis- 
factory detector within its range. This 
detector is used in most filter photome- 


‘oleman Instruments, Inc. 


‘isher Scientific Co., Pittsburgh, ‘2. 
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ters and in the Cenco spectrophotelom- 


eter. For the infrared region beyond 
2p these detectors are replaced by 
thermocouples or resistance elements, 
which measure the heating effect of the 
radiation. 

For measuring the radiation from are 
and spark sources, which cannot be sta- 
bilized, an integrating detector is nec- 
essary. The most familiar is the photo- 
graphic film, which responds to radia- 


tion according to the relations: 
I, 

= log> = f(log 


in which /) is the density of the devel- 
oped image, /, is the incident light, /, 
is the transmitted light, / is the ex- 
posure, / is the intensity of light during 
exposure, and ¢ is the time of expo- 
sure, 

By properly standardizing conditions, 
it is possible practically to eliminate the 
error caused by the approximate rela- 
tion for exposure. The value of {/dt 
can then be obtained from the calibra- 
tion curve for f (log £), a typical 
example of which is shown in Fig. 5 

A more recent introduction (1/7) is 
the use of electronic integration by 
charging a capacitor with a current 
which is proportional to the intensity of 
radiation, A simplified circuit is 
shown in Fig. 6. The potential across 
C is measured by the vacuum tube and 
meter. This integrator is governed by 
the equations : 
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in which 7 is the charging current, k is 
the phototube sensitivity factor, ¢ is the 
capacitor potential, g is the capacitor 
charge, ¢ is the capacitance, and / and 
f are as previously defined. 

Commercial instruments using elec- 
tronic integration are extremely expen- 
sive and are of value only when a few 
elements must be determined on routine 
samples with very great speed (less 
than 1 min on prepared metal samples ). 
For ordinary work the photographic 
record is preferable because it records 
many elements simultaneously. Ac- 
curacy is approximately equal for the 
two methods. 

Applications of radiant energy, 
whether emission, absorption, or Raman 
spectra, are mostly based on a single 
property of substances: the various 
possible transitions between thermal 
energy levels within the atom or mole- 
cule. Each of the various types of 
measurement is, however, particularly 


adapted a certain tvpe of analysis. 


Emission Spectra 

The analytical emission spectrum is 
produced by dispersing the radiation 
emitted at high temperature (1,000°- 
6,000°C) or in an electrical discharge 
by the vaporized sample. It consists 
mostly of element lines but with a few 
molecular bands. Partly because of in- 
strumental limitations, it is most useful 
in the range 2,000-8,000 \. Three 
methods of excitation are in common 
use: flame; the low-voltage, high-cur- 
rent arc; and the high-voltage con- 
denser discharge spark. 

Emission methods, in general, 
a very wide scope; all elements can be 
determined their use. The mass 
sensitivity is good for most elements, 
is poorer 


have 
by 


but concentration sensitivity 


because very small samples are used. 


é 
| 
4 
. 


LABORATORY INSTRUMENTS 


Feb. 1953 


Interferences are very serious limita- 
tions on accuracy, but in routine work 
it is possible to compensate or correct 
for them. Both the separation and the 
conversion step can usually be omitted. 

The flame spectrum is restricted in 
scope, as some elements give very weak 
spectra or none at all. Its sensitivity 
is very good for the alkalis and alkaline 
‘arths, and sufficient for some easily 
excited heavy metals after concentra- 
tion. Very good accuracy is possible 
with high-grade instruments and proper 


Fig. 5. Film Calibration Curve 
D is the density of the developed image, 
and Ets the exposure. 


correction for interferences. Provided 
that moderately good resolution 
available, specificity is good because of 
the simple spectrum. 

Present flame spectrometers are not 
adaptable to multiple determinations, 
but it is possible to assemble from avail- 
able parts an instrument which will 
either produce a photographic record 
or give simultaneous readings on sev- 
eral lines. Speed of analysis is excel- 
lent; only seconds are required to in- 
troduce the sample and make a reading. 
A substantial part of the labor involved 


is 


is expended in setting up and calibrat- 
ing the instrument and in making cor- 
rections for interferences if very accu- 
rate results are desired on widely vary- 
ing samples. The operating cost is low 
and the capital cost varies between $500 
and $2,000. For determination of so- 
dium and potassium, simple absorption 
or interference filter instruments are 


usually satisfactory 


Fig. 6. Electronic Integrator 


A simplified circuit is shown. The ca- 

pacitor is charged with a current. pro- 

portional to the intensity of radiation. 

The potential across © is measured by 
vacuum tube and meter. 


The flame spectrum is used by the 
California Div. of Water Resources in 
the determination of sodium and potas- 
sium, for which it provides the only 
simple and dependable method, It 
also useful for the detection of the rare 
alkalis and can be used for the easily 
excited heavy metals, after concentra- 
tion, if the are spectrum is not avail- 
able. The sensitivities indicated in 
Fig. 1 and 2 are based on evaporation 
to 0.01 volume. With present instru- 
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ments and methods, the advantage of 
the flame spectrum over the volumetric 
method for calcium and magnesium 
is questionable, because interferences 
make the results inaccurate unless pre- 
liminary separations are made. 

The are and spark spectra are appli- 
cable to all elements, although not al- 
ways with good sensitivity. Nearly all 
metals are readily determined with 
either, but the semimetallic and non- 
metallic elements usually give better 
spectra in the high-voltage spark or 
gaseous discharge tube. The volatile 
elements, such as mercury, arsenic, 
lead, and zinc, ordinarily are not de- 
termined with good sensitivity in the 
carbon are or spark because they are 
evaporated too soon, The sensitivi- 
ties shown in Fig. 1 and 2 are based on 
evaporation to dryness of a sample con- 
taining 1,000 ppm solids. 

Accuracy can be as good as 2: 100 
with very careful standardization of 
techniques in routine work, but usu- 
ally is much poorer than this. For non- 
routine work, an error of a factor of 
two or three is generally regarded as 
good, Stability and accuracy are some- 
what better for the high-voltage arc or 
spark than for the low-voltage arc. 

The specificity depends on the nature 
of the sample matrix and the resolution 
available. For matrices giving simple 
spectra, medium resolution suffices to 
give specific results, but in matrices 
such as iron, cobalt, and molybdenum, 
which have complex spectra, it is neces- 
sary to have high resolution to prevent 
masking of traces by lines of the 
matrix. 

One of the greatest advantages of 
the spectrograph used for are and 
spark work is that it records at one 
time all of the elements which are 
within its scope under the particular 
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conditions of excitation. It is possible 
to determine nearly all of the metals 
and some of the semimetallic elements 
from one or two spectrograms.  Al- 
though exposure and development of 
the photographic record takes a little 
longer than the flame test for a single 
element, it affords a saving in time 
and cost if several elements must be 
determined. The capital cost of me- 
dium-dispersion spectrographic equip- 
ment is $8,000 or more, but the ex- 
penditure is justified if a substantial 
amount of work is to be done. 

The are spectrum is useful for the 
simultaneous determination of a large 
number of metals in water after evapo- 
ration to dryness, although for several 
of the common toxic elements the sen- 
sitivity is insufficient. Those elements 
of particular interest for which the sen- 
sitivity is good are aluminum, beryl- 
lium, boron, cadmium, chromium, co- 
balt, copper, iron, lead, manganese, 
molybdenum, and nickel. Available 
data indicate that the volatile metals, 
antimony, bismuth, mercury, thallium, 
and zinc, should be determinable with 
good sensitivity under proper condi- 
tions, although it may be necessary to 
separate them from sodium, calcium, 
and magnesium, which seriously re- 
press certain lines. The Los Angeles 
Dept. of Water and Power is one of 
the few organizations which has had 
extensive experience in spectrographic 
analysis of water. 


Al sorption Spectra 


Absorption spectra may be obtained 
by passing continuous radiation through 
solids, liquids, or gases. The absorp- 
tion spectrum of a substance will be 
the same as the emission spectrum ex- 
cept that the light and dark segments 
will be reversed. It is, however, im- 
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practical to measure the absorption 
spectrum of free atoms except in the 
radiation from the stars, where a suf- 
ficient concentration of atoms has been 
provided by nature. In emission spec- 
trography, this absorption appears as 
annoying self-absorption, which de- 
creases the intensity of lines and lessens 
accuracy. 

Molecular absorption in the vapor 
phase provides a very useful spectrum 
of narrow absorption bands, which has 
been of great value in determining mo- 
lecular structure. It is used also for 
control of vapor-phase operations in the 
organic-chemical industries.  Solid- 
phase absorption is generally not used 
unless no suitable solvent is available 
for the material to be examined. In 
liquid samples, on which most absorp- 
tion measurements are made, the ab- 
sorption bands are greatly widened by 
the attraction of nearby solvent mole- 
cules, which alters the magnitude of 
the various energy transitions. Reso- 
lution is limited by the breadth of the 
absorption bands. 

The absorption of most ions in the 
visible and ultraviolet region is too 
weak to be useful for the determination 
of small concentrations. It is neces- 
sary to convert the desired ion into a 
strongly absorbing compound. Desir- 
able properties of absorbing materials 
include : stability ; independence of con- 
centration of hydrogen and other ions; 
linear absorption; absorption peak 
within the visual range for easiest meas- 
urement and control ; and low tempera- 
ture coefficient. Desirable characteris- 
tics of reaction are : rapid development ; 
nonabsorbing reagents ; quantitative re- 
action; known mechanism; order and 
manner of reagent addition not critical ; 
simplicity of manipulation; freedom 
from interference ; and specificity. 
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The value of the absorption spectrum 
obviously depends upon the degree to 
which the available reactions meet the 
above requirements. Good methods 
are available for most elements, with = 
the exception of the alkali and alkaline- | 
earth metals. Absorption methods are a 
thus complementary in scope to the | 
flame spectrum. In contrast to emis- 
sion methods, the sample can usually — 
be reasonably large, so that the concen- _ 
tration sensitivity is usually better, even 
though the mass sensitivity is some-— 
times poorer. The sensitivities in Fig. 

1 and 2 are for a 20-cm cell depth. 

In ordinary work, the accuracy of | 
absorption methods with good instru-— 
ments is approximately 1 per cent, but — 
by comparison techniques the instru- 
mental error can be reduced to a very 
small value (72-15). The limiting 
factor is then the procedures used in 
preparing the sample for measurement, 
and the method may be as accurate as 
the best and most painstaking volu- | 
metric or gravimetric analysis. The 
difference between two strongly ab- 
sorbing solutions can be measured with _ 
greater overall accuracy than that with | 
which many volumetric endpoints can | 
be determined. 

A few photometric reactions are spe- 
cific, but most are not, necessitating 
special procedures or preliminary sepa- 
rations. Interferences may be encoun- 
tered in oxidizing or reducing sub- 
stances or complexing ions. On the 
other hand, interfering materials may 
be introduced deliberately to prevent 
reaction of unwanted substances with 
nonspecific reagents. It is very seldom — 
that absorption bands in metal anz alysis 
are sufficiently well separated for in- 7 
dependent measurement, but it is some- 
times possible to determine several 
compounds by making a series of meas- 
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urements at different wavelengths and 
solving the resulting set of equations. 
Usually absorption bands are so nearly 
alike that this procedure is difficult and 
inaccurate, making it necessary to 
separate the various components or to 
prevent the reaction of some of them. 

The speed and labor requirements 
vary through about the same range as 
for volumetric methods. Because of 
the necessity for separation and conver- 
sion steps, operating costs are usually 
higher than for the emission methods. 
The capital cost varies from $100 to 
$2,000, or higher for recording instru- 
ments. 

Absorption photometric methods are 
routinely used by the California Div. of 
Water Resources for the determination 
of boron, silica, fluoride, and nitrate 
(10). These methods can also be em- 
ployed to determine ammonia, nitrite, 
iodide, sulfide, free chlorine, cyanide, 
Probably 


phenols, and toxic metals. 
the most valuable single reagent is 
dithizone, which can be used for the 
group detection of seventeen metals or 
for their separate determination with 


special extraction procedures. Sandell 
(6) has an excellent section on dithi- 
zone. Absorption methods are also 
used for arsenic and selenium, which 
are not easily determined by emission 
methods. 

For analytical work on organic com- 
pounds, the ultraviolet and visible re- 
gions have been of some value, but be- 
cause separations are frequeatly very 
difficult, it is usually necessary to de- 
termine several compounds in the same 
solution. The great breadth of most 
molecular electron bands in these re- 
gions makes mixed analysis a process 
of questionable accuracy and depend- 
ability, except under very favorable 
circumstances. 
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The infrared region from approxi 
mately 2 to 15, on the other hand, 
contains many narrow and well-defined 
bands which are associated with par- 
ticular bonds or groupings in the mole- 
cule. These bands often produce re- 
sults of fairly good accuracy and speci- 
ficity, although they are subject to some 
overlapping. The individual band is 
not characteristic of the molecule as a 
whole but of a specific bond, which 
ordinarily produces a similar band at 
nearly the same wavelength if present 
in other compounds. The direct mass 
sensitivity is approximately 5,000 times 
poorer than that available for most 
metals. Also, the usable cell depth is 
often limited by solvent absorption, so 
that the concentration sensitivity may 
be still more unfavagable. It is usually 
possible, however, to concentrate the 
desired substance by extraction or 
other applicable procedures. Cost 
varies from approximately $5,000 for 
manual instruments to $12,000 or more 
for recording instruments. 

Infrared absorption has been applied 
to the determination of oil and phenols 
in wastes, with a very great saving in 
labor and an improvement in accuracy 
and sensitivity (16). It is being used 
also for the detailed study of odor- 
producing substances after concentra- 
tion on activated carbon (17). 

When monochromatic radiation 
passes through a homogeneous solution, 
a part of the scattered radiation is dis- 
placed in wavelength from the original 
by the same energy difference as that 
which characterizes the infrared ab- 
sorption bands. This effect produces 
the Raman spectrum, which is used for 
the same purpose as the infrared. It 
is included in this section for that rea- 
son, although it is not an absorption 
spectrum. The Raman spectrum is not 
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limited by solvent absorption. It is 
possible to apply it to solutions in wa- 
ter and other polar solvents which are 
opaque in the infrared region, but it is 
of less value than the infrared for water 
analysis because its sensitivity is too 
low for concentrations ordinarily en- 
countered, 

X-ray absorption is entirely different 
from the other absorption methods, It 
depends on differences in the mass of 
atoms and is applicable to such prob- 
lems as the determination of lead in 
gasoline. It gives accurate results with 
very little labor but is entirely unspe- 
cific at present. 


Other Photometric Methods 


The measurement of radiation scat- 
tered by particles, if direct, is called 
nephelometric, and if by difference, 
turbidimetric. In both types, the meas- 
urement is inaccurate because of the 
difficulty of obtaining stable suspen- 
sions with reproducible particle size. 
Consequently, these methods are used 
only when no good method is available 
or when very rough values are ac- 
ceptable. 

Measurement of fluorescence is of 
some value, although available methods 
are comparatively few. This method 
suffers from the disadvantage that the 
exciting radiation frequently causes de- 
composition of the substance to be de- 
termined. 


Electrical Energy 


Electrical measurements are used 
either as direct analogs of concentra- 
tion or as indicators of the equivalence 
point in titrations. The concentration 
sensitivity of titration methods rarely 
approaches that of the photometric 
methods. The mass sensitivity, how- 
ever, can be made considerably more 
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favorable by the use of the microtech- 
niques developed by P. L. Kirk (18) 
and other workers in the field of bio- | 
chemistry. By these techniques, a sin- 
gle drop of liquid can be titrated with 
the same accuracy obtained in normal 
volumetric analysis. 

The overall accuracy of volumetric 
analysis varies widely. In favorable 
instances and with extreme precautions, 
it may approach 1: 1,000, which ap 
proximates the practical limit of ac- 
curacy of very careful volumetric meas-_ 
urements. Usually, however, volumet-_ 
ric errors are considerably greater than 
this, and inherent errors of method and 
uncertainty of equivalence point 
crease the error to 3-10:1,000. The 
equivalence point detection may be far_ 
more accurate than the rest of the anal- 
ysis in the potentiometric titration of a_ 
strong base with a strong acid, while it 
may be the major limitation on accu- | 
racy in the successive titration of two — 
compounds of only moderately different 
dissociation constants or reaction po-— 
tentials. 


Potentiometric Measurements 


Direct use of cell potential measure ‘ 
ment is, in common practice, limited to — 
the determination of hydrogen ion ac-- 
tivity. It is extremely valuable, how-_ 
ever, for determining the equivalence 
point. It can be used in all titrations 
involving acid-base or oxidation reac-_ 
tions, and in any precipitation or 
complex-forming reaction for which a- 
suitable indicator electrode is available. 
Potentiometric titration has four ma- 
jor advantages over the use of color-— 
change indicator compounds: it is not — 
affected by the color or turbidity of — 
the solution; it avoids the individual 
error of a subjective color observation : 
it is readily applicable to automatic op- 
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eration ; and it gives a continuous range 
of potential not limited by the avail- 
ability of a succession of indicators. 
The last characteristic makes it possi- 
ble to match the equivalence potential 
exactly rather than approximately and 
facilitates titration of two or more sub- 
stances in succession in a single opera- 
tion. This procedure is often inaccu- 
rate or impossible otherwise, because of 
the lack of suitable indicators. 
Potentiometric titration is commonly 
used in water analysis for acidity and 
alkalinity because of its convenience 
and superior accuracy. It can 
give more accurate endpoints in chlo- 


also 


Polarization 


Electric current flows through solu- 
tions by the movement of ions rather 
than electrons, and, in order for cur- 
rent to flow between a solution and an 
electrode, there must be a_ reduction, 
which removes an electron from the 
electrode, or an oxidation, which gives 
an electron to the electrode. No reduc- 
tion or oxidation can take place unless 
the electrode potential is favorable to 
the reaction, and the rate of the reaction 
—and, hence, of the current—is limited 
by the rate at which the ion involved 
diffuses toward the electrode. 

In the polarographic cell, the indica- 
tor electrode is made small in compari- 
son with the reference electrode, and a 
relatively high concentration of salts is 
added to decrease the resistance of the 
solution. Because of the large area and 
small current density, the potential of 
the reference electrode is substantially 
constant and equal to the open-circuit 
potential. The potential drop across 
the high-conductance solution is practi- 
cally zero. The microelectrode, how- 
ever, is polarized by depletion of active 
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ions near its surface, and the current is 
proportional to the rate of diffusion to 
the electrode, which in turn is propor- 
tional to the concentration of reducible 
ions. If the potential is gradually in- 
creased, an abrupt increase of current 
occurs at the potential which suffices to 
reduce an ion of the solution. The 
potential at which this increase occurs 
serves to identify the ion, while the 
magnitude of the current is propor- 
tional to the concentration. 

The scope of polarographic analysis 
includes all metals, most nonmetallic 
elements, and many inorganic and or- 
ganic compounds. Many determina- 
tions, however, involve difficulties 
which make polarographic analysis im- 
practical. It is actually or potentially 


valuable in the determination of heavy 
metals, semimetallic elements, oxygen, 
free chlorine, and certain reducible or- 
ganic compounds, 


The polarograph is unique in that 
the molar sensitivity is of the same 
order of magnitude for most substances 
which can be determined. A _ typical 
dropping mercury electrode gives a dif- 
fusion current of approximately 6pa for 
a solution containing 0.0017 of a re- 
ducible metal ion. The sensitivity 1s 
far short of that obtained in spectro- 
metric measurements, being approxi- 
mately 10°M, or 0.5 ppm for most 
common heavy metals; and the mass 
sensitivity using microcells is approxi- 
mately 0.5 pg, making concentration 
necessary for trace analysis. Figures 
1 and 2 are based on evaporation to 
0.01 volume. The accuracy is approxi- 
mately 3: 100. 

The measurement is not specific for 
any one substance but can frequently 
differentiate among several substances 
after other interfering materials have 
been removed. As many as six ele- 
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ments have been recorded on a single 
polarogram under very favorable con- 
ditions. The time and labor require- 
ments are about the same as for absorp- 
tion photometric or volumetric meth- 
Manual equipment is very simple 
and comparatively inexpensive; only a 
sensitive galvanometer and a few inex- 
pensive electrical parts are required to 
assemble apparatus which will easily 
duplicate the work of the finest instru- 
ments. The cost will vary from $50 
to $150, depending on the sensitivity 
desired. If considerable work requir- 
ing complete curves is to be done, how- 
ever, a recording instrument costing 
approximately $1,700 is desirable. 

The polarograph is potentially useful 
in water analysis for group detection of 
those elements which are not easily de- 
termined spectrometrically. These in- 


ods. 


clude the arsenic and selenium groups 
and the volatile toxic metals, cadmium, 
lead, mercury, thallium, and zinc. The 


greatest use of this technique, however, 
is for the determination of oxygen (19, 
20). It is definitely superior to the 
Winkler method, being unaffected by 
most interfering substances. It offers 
the further possibility of greatly reduc- 
ing the number of bottles required in 
biochemical oxygen demand rate stud- 
ies by permitting repeated measure- 
ments on the same bottle. 
Amperometric titration is the ap- 
plication of the diffusion current meas- 
urement to the determination of the 
equivalence point. If the current is 
plotted against the quantity of reagent 
added, the curve will show a more or 
less abrupt change of direction at the 
equivalence point. In favorable in- 
stances, results can be as accurate as 
with potentiometric measurement. This 
method is often applicable when no 
suitable potentiometric indicator elec- 
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trode is available. The amperometric 
method is less convenient than the po-_ 
tentiometric because it is usually not 
possible to eliminate the plotting of 
titration curves. 

Amperometric titration provides an 
improved method for determining the 
various chlorine compounds formed 
when water is chlorinated (21). This 
information is important because the 
compounds differ in oxidation poten- 
tial and therefore in their effect on oxi- 
dizable materials and organisms in the 
water. Amperometric methods can be 
used to determine sulfate by titration 
with lead or barium (9). Accuracy is_ 
about the same as for the gravimetric 
procedure, but the amperometric meth- 
ods which have been used do not result 
in any saving of labor. Some addi- 
tional work is needed to determine 
whether the rotating electrode can be 


used to reduce the time requirement 


while retaining accuracy. There is 
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also the possibility of applying this 


method to ethylenediaminetetraacetic 
acid titrations of calcium and magne- 
sium by the use of a reducible indica- 

The measurement of conductance of 
alternating current is practically free 


wy 


Conductance 


from polarization effect and provides a 


very rough indication of the total ionic 
concentration of the solution. 
measurement can be used for accurate 
equivalence point indication in some_ 
titrations. It does not work well in 
solutions containing high concentra- 
tions of unreacting ions, because the 
relative conductivity changes are too 
small, and it is not generally satisfac- 
tory for precipitation reactions, which 
tend to coat the electrodes. A method 
using high-frequency current and ex- 
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ternal electrodes with the solution cell 
pnts them avoids the difficulty of 
electrode contamination but is still sub- 
ject to the limitation of ionic concen- 
tration (22). The curves obtained 
from conductometric titrations are very 
similar to those from the amperometric 
method, and the same comments are 
applicable. 
Conductometric titration, especially 
the high-frequency method, is indicated 
as a possible procedure for the deter- 
mination of sulfate with barium and of 
calcium and magnesium with ethylene- 
diaminetetraacetic acid, 


Coulometric Titration 


The principle of the coulometric ti 
tration has been known for many years ; 
in fact, it has been used inversely to de- 
fine the unit of current by the rate of 
electrodeposition. Recently this prin- 
ciple has been employed to determine 
the concentration of a substance by 
measuring the time required for its re- 
action to be brought to completion by a 
constant known current (23-25). The 
electrolysis may take place in the solu- 
tion being measured or in an external 
system from which the generated re- 
agent flows into the sample container. 
The endpoint may be determined in any 
of the ways used for volumetric titra- 
tions or by noting the change in poten- 
tial or current at the electrolyzing elec- 
trodes. The greatest value of the 
method lies in its ability to generate 
reagents which are not sufficiently sta- 
ble to be used as standard solutions. It 
has the further advantage of eliminat- 
ing the labor of preparing standards. 
The method has not been used exten- 
sively up to the present. 


Automatic Measurements 


Recently several types of automatic 


analytical instruments have become 
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commercially available. Probably the 
most generally useful of these for rou- 
tine work is the potentiometric titrator 
which stops the titration at a_pre- 
selected electrode potential. Special ar- 
rangements are provided to prevent 
overrunning the endpoint. This instru- 
ment can result in a substantial saving 
of labor if a large number of titrations is 
performed. Either the Beckman or the 
Coleman instrument, with provision for 
two different electrode setups, will 
cost between $700 and $800 and can be 
used also for ordinary potential meas- 
urements, replacing a laboratory pH 
electrometer. 

For work of a more diversified na- 
ture, a recording titrator is desirable. 
This instrument records a complete 
curve of electrode potential against 
volume of reagent and is preferable 
when there is a possibility of more than 
one reacting substance, when the poten- 
tial break is rot sharp, or when the 
equivalence potential is not known be- 
cause of uncontrolled variations in the 
solution. The cost of the commercial 
instrument is approximately $2,500. 
These automatic potentiometric titra- 
tors save much labor in the determina- 
tion of acid, alkali, chloride, and other 
ions which are determined volumetri- 
cally. 

A very simple and comparatively in- 
expensive automatic titrator operates 
on the so-called “dead-stop” principle, 
which, though developed from and me- 
chanically similar to the potentiometric 
measurement, is actually an ampero- 
metric titration. It is hased on the de- 
polarization or polarization of an elec- 
trode by excess titrating reagent. Ti- 
trators of this type require a very sharp 
equivalence point break to be accurate ; 
titrations having considerable curvature 
at the equivalence point, such as is often 


met in precipitation reactions, require 
772 
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plotting of titration curves. The prin- 
cipal application of this instrument has 
been in iodimetric determinations, espe- 
cially in nonaqueous media. 


Continuous Recorders 

It is often necessary or desirable to 
provide a continuous record of a prop- 
erty of a stream. Any instrument 
which furnishes an electrical output can 
be coupled to a recorder to produce 
such a record. Single-channel record- 
ers are available from approximately 
$250 and can be ganged to provide 
multiple records. Other recorders, de- 
signed to provide multiple records by 
alternately printed symbols, cost ap- 
proximately $700 or more. Sometimes 
intermediate amplifiers, costing ap- 
proximately $200 to $400, may be nec- 
essary to couple the measuring instru- 
ment to the recorder. 

Properties which can be recorded 
without the necessity for unusual and 
expensive measuring instruments in- 
clude temperature, oxygen, conduct- 
ance, pH, residual chlorine, and turbid- 
ity. If a mechanism for continuous ad- 
dition of reagents is provided, it is pos- 
sible to record any direct colorimetric 
reaction which does not require separa- 
tions, and a servomechanism to pro- 
vide controlled addition of a standard 
solution permits recording of most 
volumetric titrations. Commercial re- 
corders designed specifically for record- 
ing a particular property are available 
and may be more desirable for routine 
plant control than the more versatile 
arrangements previously described. 


Equipment for Small Laboratory 


It is obviously not feasible for the 
small laboratory to have all the instru- 
ments discussed in this paper. Never- 
theless, it is quite possible to provide, 
within a limited budget, instruments 


INSTRUMENTS 


which will enable the work to be car- 
ried out accurately and efficiently, 
sufficient effort is devoted to getting 
the greatest range of utility from each 
item purchased. 

In water analysis four types of spec-_ 
trometric instruments are desirable: — 
emission spectrograph, multiple-read- 
ing flame spectrometer, visible and ul-— 
traviolet absorption spectrometer, and_ 
infrared absorption spectrometer. At | 
present the cost of infrared instruments 
is too high for most small laboratories, 
but the other functions can all be pro- 
vided at a reasonable cost. The neces- 
sary components include : 


$600 
400 


Small grating spectrograph 

Spectrograph accessories 

Alternating-current arc source 
(high-voltage transformer, va- 
riable transformer, voltmeter, 
ammeter ) 

Hydrogen burner 
regulators 

Multiplier photometer with switch 
and 5 phototubes * 

Ultraviolet source and silica cells 

Incandescent source 

Absorption cells, cell housing, exit 
slits (constructed to fit the needs 
of the laboratory) 


and pressure 


Total 
*It will probably be necessary to substitute ordi- 


nary phototubes for some units in order to utilize the 
red lines. 


This equipment will provide are 
spectra, flame spectra, and absorption 
spectra either photographically recorded 
or electronically indicated. It will pro- 
vide, also, simultaneous determination 
of sodium, potassium, calcium, magne 
sium, and boron by flame spectrometry. 
The are spectrum will be low disper- 
sion, not suitable for work in the pres- 
ence of large concentrations of iron, 
and with a sensitivity sufficient for 
analyzing wastes but somewhat less 


- 
‘ 
= 
141 
_ 
5) 
300 
1A 
400 
| 
450 
325 
200 | 
i 
— 


No. 10 Yellow ? 


Jour. AWWA 


No. 6 Black 


Electrometer 


No. 16 Gray 


Fig. 7. 
The solid line represents Beckman Model G units, with 
A ts a conductance cell and B a polarograph 
cell, 


A simplified circuit is shown. 
the broken line indicating added units. 


than is desirable for water supplies. 
The other functions will be substan- 
tially equivalent to those of the com- 
mercial spectrophotometers but with 
greater versatility. Some laboratories 
may not have need for the are spectrum 
or the ultraviolet absorption spectrum, 


Universal Electrometer 


thereby reducing the cost by approxi- 
mately $900. <A qualified technician 
will be needed to assemble, calibrate, 
and operate these units, but the re- 
quirements are not significantly greater 
than those for operating any instrument 
laboratory. 


on [ e 
| 
A 
No. 26 Blue 


Feb. 1953 


The water laboratory is frequently 
required to determine the turbidity of 
water samples, To the author’s knowl- 
edge, no commercial turbidimeter can 
be recommended because they are all 
dependent on a reference standard 
which has been prepared by a purely 
subjective method. There is need for 
a simple instrument which will give an 
absolute measurement of turbidity in- 
dependent of colored substances in 
solution. 

For routine absorption measure- 
ments, a filter-barrier cell photometer 
is usually more desirable than a spec- 
trophotometer. The balancing type, 
such as the Klett-Summerson,* is rec- 
ommended for general use, but for 
maximum sensitivity the Lumetron f 
Nessler tube photometer may be pref- 
erable. It would be possible also to 
build a provision for this type of meas- 
urement into the absolute turbidimeter 
mentioned above. 

Cell potential, current, and conduct- 
ance can be measured by a combination 
of Wheatstone bridge, vacuum tube 
electrometer, galvanometer, and _ oscil- 
lator. No commercial instrument com- 
bines all of these units, but they can be 
assembled from the following commer- 
cially available instruments : 


Balancing pH electrometer ¢ $320 
Galvanometer and shunt 140 
Oscillator, 1,000 cycle, 1.5-v output 50) 
Damping capacitor, reference re 


sistors, c. 

t et 
oy 

* A product of Klett Mfg. Co., New York. 

+A product of Photovolt Corp., New 
York. 

t Such as Beckman Model B. This instru- 
ment combines a Wheatstone bridge and a 
vacuum tube electrometer. It will be neces- 
sary to add provision for switching in an 
alternating-current power supply and possi- 
bly a meter capacitor to increase alternating- 
current sensitivity. 


Total 
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A simplified circuit diagram is 
shown in Fig. 7. It is possible to use 
60-cycle current for conductance meas- 
urements, thus eliminating the oscil- 
lator. 

The cost of separate instruments to 
make these measurements is : 


$300 


390 


pH electrometer 

Manual polarograph 

Conductance bridge 135 
Total $825 

If no one with a knowledge of elec- 
tronic instruments is available, any 
good radio serviceman can make the 
very simple additions to the meter. 

The added switch must be of high qual- 
ity to prevent instability of the bridge. 

The total cost of the complement of 
instruments for the small laboratory is 
between $2,600 and $3,600, depending 
on the scope desired. When good in- 
strumentation can be provided for so 
little, there appears to be no sound rea- 
son for any laboratory to be without it. | 

Note: Mention of specific instru-— 
ments by name in this paper has been — 
made only to illustrate types and ~ 
should not be construed as an endorse- 
ment of the products of any manu-— 


facturer. 
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HE availability of a variety of new 

resins has, in the past several 
years, greatly expanded the application 
of ion exchange to the treatment of 
water supplies. These new products 
include cation-exchange resins of the 
weakly and strongly acidic types, anion- 
exchange resins of the weakly and 
strongly basic types, and highly porous 
modifications of the strong-acid cation 
exchangers and strong-base anion ex- 
changers. Some of these products have 
been improved markedly for older, 
more conventional usages and others 
have suggested new techniques of real 
interest to those who are concerned 
with the treatment of water supplies. 
This paper will touch briefly on several 


of these applications. 
Water Softening 


Cation-exchange resins operating on 
the sodium cycle are being used widely 
instead of precipitation methods of wa- 
ter softening. Such resins have three 
principal advantages : 

1. Initial cost of equipment is low. 
Not only do modern cation-exchange 
resins exhibit ten times the capacity of 
the older, low-exchange greensand ma- 
terials, but the reaction rates of resins 
are such that the flow of water through 
a softener is limited only by the physi- 
cal design of the unit. Flow rates as 
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high as 10 gpm per square foot are 
now considered well within the limita- 
tions established by good engineering 
practice. 
2. A soft water of constant quality 
is produced regardless of variations in 
influent-water composition. Raw-water 
hardness and total cation concentration 
have little effect on resin * exchange 
capacity. Moreover, the ratio of so- 
dium ions to total influences 
exchange capacity only a little, as is 
shown by Fig. 1. On the other hand, 
the influence of water composition on 
the leakage of hardness through the ion- 
exchange resin is more apparent, as 
indicated in Fig. 2. In this study, a 
water with a 1,000-ppm total ionized 
solids concentration was used to illus- 
trate the variable more adequately. 
These data are of particular interest 
to water plant operators in the coastal | 
areas, where the seepage from the 
ocean into wells or the backup of sea | 
water into the river during periods of © 
drought is encountered. In several in 
stallations, regeneration is carried out 
in the normal downflow manner, but - 
raw water is passed through the Reo : 
upflow. This countercurrent opera- 


cations 


* The resin employed as illustration in 
Fig. 14 is Amberlite IR-120, a product of 
Rohm & Haas Co., Philadelphia. This is a 
high-capacity, nuclear sulfonic acid type of 
cation-exchange resin. 
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tion has been instrumental in reducing 


leakage of hardness almost to zero. 

3. The cost of treatment by ion ex- 
change may be lower. Depending on 
the composition of the water, the cost 
of salt used for regeneration of the 
resin may be considerably lower than 
the cost of lime plus soda ash for pre- 
cipitation treatment. For example, 
based on a regeneration efficiency of 
0.25 lb of salt per kilograin hardness 
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20 40 60 80 100 
Sodium in Infiuent — per cent 
Fig. 1. Effect of Influent-Water Compo- 
sition on Resin Exchange Capacity 


Influent total solids—850 ppm (as 
CaCOs); flow rate—2.5 gpm per cubic 
foot; endpoint leakage—1 per cent; 10 


composition on the exchange capacity 
of a high-capacity cation-exchange 
resin. These data have been found par- 
ticularly valuable in assessing the worth 
of brine wells for resin regeneration 
purposes. 


New Applications 


The mere substitution of a strongly 
basic anion-exchange resin for the 
cation-exchange resin normally used in 


NaCl Ib/cu ft 


24 


Hardness Leakage — ppm (as CaCO,) 


\\ 
0 0.20 0.40 0.60 080 
Sodium in influent —per cent 
Fig. 2. Effect of Influent-Water Compo- 
sition on Hardness Leakage 


Influent total solids—1000 ppm 


1.00 


(as 


same resin was used as 


per cent brine regenerant. CaCO;); the 
for Fig. 1. 


Kilograins. 


removed and a salt cost of 0.75 cents 
per pound, the cost of removal of 1 Ib 
of hardness would be only 1.3 cents. 
Treatment costs may be reduced still 
further by regeneration of the cation 
exchanger with sea water. Figure 3 
shows the exchange capacities obtained 
when a resin is regenerated with vari- 
ous volumes of sea water. The infor- 
mation plotted in Fig. 4 permits the 
prediction of the effect of regenerant 


a water-softening unit points to a really 
simplified method for the removal of 
such objectionable constituents as fluo- 
rides, excessive alkalinity, and sulfides 
from water supplies. Strongly basic 
anion exchangers in the free-base form 
behave as solid caustic with only hy- 
droxyl ions in solution and will adsorb 
negatively charged ions from acid, neu- 
tral salts, and even mildly alkaline solu- 
tions. On the other hand, when regen- 
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erated with salt—that is, when used in 
the chloride form—these strong-base 
resins will exchange chlorides for fluo- 
rides, sulfides, bicarbonates, and car- 
bonates. Although the equilibrium 
conditions for the adsorption of these 
anions are not entirely favorable be- 
cause of the greater affinity of chlo- 
rides for the resin, the exchange is, 
nevertheless, sufficiently complete, and 
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Fig. 3. Exchange Capacity With Sea 

Water Regeneration 

Curve A shows exchange capacities when 

various volumes of sea water (0.264 Ib 

NaCl per gallon, Ca: Ca+ Na ratio of 

0.21) are used for regeneration. Curve 

B shows the equivalent standard brine 

regeneration level. The same resin was 
used as for Fig. 1. 


the use of salt as a neutral, inexpensive 
regenerant is so attractive that this 
new approach has generated wide- 
spread interest, particularly in smaller 
plants. 

Fluoride Removal 


Naturally occurring fluorides in ex- 
cessive concentrations in raw-water 
supplies have always presented a prob- 
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lem. For example, it has been re- 


ported that the presence of more than 
2 ppm fluoride (as F) in drinking wa- 
ter may cause mottling of teeth. Also, 
the fluoridation of municipal water sup- 
plies to combat tooth decay seems to 
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NaCl in Regenerant — per cent 
Fig. 4. Effect of Regenerant Composition — 
on Exchange Capacity > 
These curves are applicable to the use of — 
sea water for regeneration (based on o 
Ca:Ca+Na ratio of 0.21). The same 

resin was used as for Fig. 1. 


have presented a problem to some fe rod 
and beverage processors, apparently as 
a result of fluoride concentration dur- 

ing the process steps. In such in-— 
stances, the use of a strongly 
resin in the chloride 
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form will serve to remove the fluorides 
effectively. 

Figure 5 illustrates generally the ef- 
fect of influent water composition on the 
fluoride exchange capacity of a porous 
modification of a strong-base anion- 
exchange resin.* The effectiveness of 
the treatment depends on the concen- 
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Fig. 5. Effect of Influent-Water Compo- 
sition on Fluoride Exchange Capacity 
A porous modification of a strong-base 
anion-exchange resin was used, with 
countercurrent regeneration. 


tration of fluorides and the ratio of fluo- 
rides to total anions in the raw-water 
supply. Countercurrent operation is 
normally recommended. Although the 
resin exchange capacities shown are 
low, the usual fluoride influent concen- 
tration is also small, and adequate 


* Amberlite XE-75, a Rohm & Haas prod- 
uct, was used. 


Alkalinity Exchange Capacity —kgr/cu ft (as CaCO) 


quantities of water can be treated. For 
example, preliminary laboratory work 
for a food-packing plant installation es- 
tablished the actual exchange capacity of 
another highly porous anion-exchange 
resin,t as a basis for treatment unit 
design. With a fluoride concentration 
of 4 ppm expressed as calcium carbon- 
ate t and a fluoride—total anion ratio 


9.0 


02 04 0.6 0.8 10 12 
Ratio of Alkalinity to Total Anions 


Fig. 6. Effect of pH on Alkalinity 
Exchange Capacity 
The regeneration level was 4 lb of NaCl 
per cubic foot. Countercurrent regenera- 
tion was employed. 


of 0.0417, the resin treated approxi- 
mately 1,000 gal of water per cubic 
foot ; the resin was regenerated with 2.5 
lb of salt per cubic foot, using a mini- 
mum bed depth of 5 ft. Assuming the 


+ Amberlite XE-98. 

¢ Obtained by dividing ppm fluoride by the 
equivalent weight of fluoride and multiply- 
ing by the equivalent weight of calcium 
carbonate. 
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cost of salt to be 0.75 cents per pound, 
the cost of regenerant per 1,000 gal of 
water treated was 1.9 cents. 

Excessive concentrations of alkalinity 
in water supplies are usually objec- 
tionable for such applications as boiler 
feed, the production of carbonated bev- 
erages, and evaporative coolers. The 
dealkalization of water supplies by the 
use of the chloride form of a strongly 
basic anion-exchange resin has gained 
immediate acceptance throughout in- 
dustry for the following reasons: [1] 
no fear of acid introduction to the 
treated water supply; [2] no handling 
of acids necessary; [3] acid-resistant 
equipment not required; [4] degasifi- 
cation equipment not needed; [5] no 
power costs required for pumping, be- 
cause line pressure is not broken; [6] 
low regenerant cost; and [7] essen- 
tially constant treated-water alkalinity 
maintained regardless of fluctuations in 
raw-water supply. 

Figure 6 shows the alkalinity ex- 
change capacity of a strongly basic, 
amine type of anion-exchange resin * 
as a function of alkalinity to total anion 
ratio. It will be noted that the capacity 
increases with an increase in the alka- 
linity content or pH of the influent 
solution. Capacity improvement with 
increase in influent pH is to be ex- 
pected because the divalent carbonate— 
chloride system is much more favor- 
able than the monovalent bicarbonate— 
chloride. 

Other investigators have found a 
similar capacity improvement when a 
small amount of caustic is added to the 
salt regenerant. Moreover, studies 
show a decrease in alkalinity leakage 


Alkalinity Reduction 


and removal of carbon dioxide with an 
increase in pH to approximately 9.5. 
By combining, unmixed, an anion- 
exchange resin in the chloride form 
with a cation-exchange resin in the so- 
dium form, some waters may be dealka- 
lized and softened in a single column. 
Thus, in one operation, chloride ion is 
exchanged for alkalinity and sulfates, 
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Effect of pH on Hydrogen Sulfide 
Exchange Capacity 


For both curves, the regenerant consisted 
of 5 lb NaCl and 1 lb NaHCO, per 
cubic foot. 


and sodium ion is exchanged for cal- 

cium and magnesium. Poth resins are 

regenerated with brine. Precipitation 

of hardness within the unit is avoided — 
by drawing off the first portion of the 

waste regenerant at the junction of the 

two resin components. The remaining | 
regenerant, relatively free of sulfates 

and carbonates, is then used for the 

cation-exchange resin. 
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Further work is now in progress to 
determine the extent of silica reduc- 
tion to be obtained when regeneration 
with a combination of salt and caustic is 
used, It is interesting to speculate on 
the future of this development in the 
treatment of feedwaters for low-to- 
medium-pressure boilers if this investi- 
gation should prove successful. It is 
possible to visualize the reduction of 
hardness, alkalinity, and silica and the 
adjustment of pH, perhaps in a single 
unit, using only salt and caustic as the 
regenerating chemicals. 


drogen sulfide is noticeable in cold wa- 
ter, even when present in concentra- 
tions as low as 0.5 ppm. Sulfides are 
often found in ground waters, where 
the concentration may range as high as 
70 ppm. Not only does hydrogen sul- 
fide impart a very disagreeable taste 
and odor to waters, but its presence 
also tends to accelerate the corrosion 
of such metals as iron, steel, copper, 
copper alloys, and silver. 

The methods commonly employed 
for the reduction or removal of sul- 
fides from industrial waters are aera- 
tion and chlorination. Aeration alone 
will reduce the sulfide concentration to 
a range of 1-2 ppm, while chlorination 
will effect complete removal. In either 


Discussion 


John C. Tracey 
Dist. Mgr., The Permutit Co., Washing- 
ton, D.C. 

The true worth of an ion exchanger 
can be determined only after long-term 
testing in equipment properly designed 
for its application. The comments in 
this discussion are based on field ex- 


of these systems, free sulfur will be 
formed and may have to be removed 
by filtration or by coagulation and 
filtration. The first cost of equipment 
and the operating complexities of these 
methods generally prevent their use in 
domestic systems as well as in some 
industrial systems. 

The use of a strongly basic anion- 
exchange resin in the chloride form 
shows promise as a new approach to 
this problem. In fact, a number of 
household installations have been made, 
with gratifying results. Figure 7 
shows the effect of hydrogen sulfide— 
total anion ratios on the exchange ca- 
pacity of a strongly basic, amine type 
of anion-exchange resin.* It is ap- 
parent that pH has an appreciable in- 
fluence on the results obtained. More- 
over, for most supplies, the choice of 
regenerant depends on the pH of the 
water to be treated. If the water has 
a pH value of more than 8.0, salt alone 
may be used; below 8.0, a solution of 
90 per cent salt and 10 per cent sodium 
bicarbonate is recommended, except 
when treating waters with a pH of less 
than 7.0, where best results can be ob- 
tained by using sodium bicarbonate 
only. Finally, countercurrent regen- 
eration is necessary to assure the com- 
pleteness of sulfide removal during 
the run. 


* Amberlite IRA-410. 
A 
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perience and results rather than on 


laboratory work. 


Water Softening 


The author is certainly correct in his 
point that the development of new 
resins has greatly expanded the applica- 
tion of ion exchange in water treat- 
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ment, as well as in other fields. Mu- 
nicipal water softening by ion exchange 
is particularly attractive when the raw- 
water supply is clear and free from ob- 
jectionable suspended or organic mat- 
ter. Furthermore, if a considerable 
portion of the hardness is noncarbonate 
or permanent, the cost of treatment by 
ion exchange may very well be lower 
than for softening by lime and soda ash. 
A careful study of the conditions is nec- 
essary, however, because if the hard- 
ness to be removed is predominantly 
calcium bicarbonate, lime softening will 
be more economical. An _ additional 
consideration is the fact that lime sof- 
tening can be combined with clarifica- 
tion in one unit, the solids-contact proc- 
ess basin. A comparative study of 
treatment methods should be made, in- 
cluding such factors as first cost, op- 
erating cost, and relative simplicity of 
operation. As some applications of ion 
exchange are still in the experimental 


stage, such comparisons may not al- 
ways be possible, particularly with re- 
gard to actual operating costs. 

It is important that complete evalua- 
tions of new applications be made to 


avoid misapplying an exchanger. For 
example, a certain ion-exchange resin 
was claimed by its manufacturer to 
have color removal properties. This 
information was seized upon by an en- 
gineering organization designing a plant 
for removal of color from a surface wa- 
ter supply. Further investigation dis- 
closed that the resin was entirely un- 
suitable for such work, and the usual 
coagulation treatment was subsequently 
specified for removal of the color. 

In Fig. 1, the author has indicated 
exchange capacities of 17.5-33 kgr per 
cubic foot with the quantity of salt for 
regeneration varying from 5 to 20 lb 
per cubic foot and the exchange capac- 
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ity showing only a slight drop even 
when the sodium in the raw water ap- 
proaches 100 per cent. These data are 
confirmed by laboratory experience, 
but for field use the exchange capacity 
is not rated as high or as low as the 
limits shown in the graph. The author 
does not state whether his curves are 
based entirely on laboratory results or 
include field data as well. Referring 
to Fig. 2, the writer feels that the hard- 
ness leakage may also be affected by 
flow rate and bed depth, particularly 
in “upflow” softening. 

Although ion-exchange treatment 
generally is cheaper than lime-soda 
treatment, the comparative cost of lime- 
soda and salt is only one of the govern- 
ing factors. Municipal supplies are not 
normally softened to zero hardness. 
The lime-soda method usually is set up 
to reduce the hardness to approxi- 
mately 5 gr by the control of the chemi- 
cals fed, but all the water is treated. 
The ion-exchange method requires the 
treatment of only that portion of the 
water necessary to give a blended ef- 
fluent of 5-gr hardness. In making 
cost comparisons, consideration should 
also be given to the fact that, with ion- 
exchange softening, the effluent pH 
must usually be raised for corrosion 
control, whereas, with the lime-soda 
method, the effluent pH is generally 
satisfactory. 


Sea Water Regeneration 


The data on sea water regeneration 
are very useful in assessing the value. 
of a natural brine for regenerating pur- 
poses. A cost comparison between ar- 
tificial-brine and sea water regenera- 
tion should include the filtering and 
pumping costs of the latter, as well as 
the additional first cost for the larger 
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units which the lower exchange capac- 
ity makes necessary. 

The relatively dilute concentration 
of sodium chloride in the sea water, as 
compared with that in salt brine, pro- 
vides a less thorough regeneration. 
Hence, the exchanger is more sensitive 
to the composition of the raw water. 
In assessing ion-exchange for treatment 
with sea water regeneration, it is there- 
fore important to be able to evaluate 
the effect of the particular raw water 
involved. 


New Applications 


In applying ion exchangers to fluo- 
ride removal, the author recommends 
countercurrent flow. The writer won- 
ders whether this recommendation is 
based on laboratory findings or on field 
usage with large equipment and also 
what the residual fluoride content is. 
Although the author does give the 
bed depth—5 ft—no mention is made 
of flow rate. 
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The dealkalization of water with salt 
regeneration only has certainly been of 
interest to industry, particularly in the 
low-pressure boiler field where return 
condensate is a factor. The author 
states, however, that “essentially con- 
stant treated-water alkalinity !*s] main- 
tained regardless of fluctuations in raw- 
water supply.” It is the writer’s un- 
derstanding that the effluent alkalinity 
is a percentage of the raw-water alka- 
linity. 

It might also be mentioned that there 
are several other processes available 
for the removal of hydrogen sulfide in 
addition to those noted by the author. 
Manganese zeolite or a suitable type of 
activated carbon can be used. 

New developments in ion exchangers, 
it should be pointed out, will require 
time and field application before their 
value can properly be judged. An ion- 
exchange process is no better than the 
mechanical equipment in which. it is 
employed. 
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a is History and Present Status—Samuel C. Braucher 


EN of today live in the age of the 

simple solution. The ills of the 
flesh are to be cured by whatever vita- 
min or drug is the fad of the moment. 
Economic woes are to be banished by 
Age-old prejudices 
Man is 
The seduction 
In the theater 


simple nostrums. 
are to be ended with a law. 
seduced by simplicity. 
comes in many forms. 
and in novels the characters must be 


all black or all white. The heroine is 
virtuous, the hero brave, the villain un- 
relieved in his villainy, for dream chil- 
dren must not walk as man _ himself 
walks, wrapped in both good and evil. 
Public figures must be demigods or 
scoundrels, paeanized or muckraked. 
The idea must be streamlined, too. 
Man clamors for popular science and 
popular economics, by which he means 
one idea at a time, and that made 
palatable by refining it to insipidity. 
Accordingly, municipalities are seek- 
ing the simple solution by which they 
may, painlessly and without effort, re- 
lieve themselves of the financial incubus 
of chronic deficits in the public service. 
One currently favored “cure-all” for 


the financial ailments of municipalities 
is the establishment of an authority. 

The Pennsylvania constitution lim- 
its municipal debt, except in Philadel- 
phia, to 7 per cent of the assessed valu- 
ation of taxable property in the mu- 
nicipality. The constitutional debt 
limit has remained unchanged for more 
than 75 years. The assessments, on 
which this borrowing capacity is based, 
have generally remained stable through- 
out the last generation. Other factors 
would tend to prevent increases in as- 
sessed valuations in any particular mu- 
nicipality, unless there is a general 
countywide or statewide equalization 
of assessments. Meanwhile, there has 
been a decrease in the purchasing power 
and value of money and a, concurrent 
increase in construction cost. 

This problem is not confined to local 
governments. During the same period, 
the debt of the national government has 
increased prodigiously. The Pennsyl- 
vania constitution has been amended to 
increase the commonwealth’s borrowing 
capacity for certain specified purposes 
(highways and soldiers’ bonus). 
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cause of inability to increase its bor- 
rowing power still further, the state 
has resorted to use of the authority de- 
vice, establishing a general state au- 
thority, a state public schoo! building 
authority, and a state highway and 
bridge authority. 


Municipal Borrowing Law 


The constitution of Pennsylvania and 
the Municipal Borrowing Law (Act of 
June 24, 1941, P.L. 159, as amended) 
contain certain provisions under which 
borrowing by political subdivisions, for 
certain revenue-producing facilities, in 
excess of the debt limits, is permitted, 
but circumstances are such that these 
special powers are seldom utilized. 
The constitution provides that bonds 
for the construction or acquisition of 
water works, subways, underground 
railways, or street railways are not to 
be considered against the debt limita- 
tions if, for a five-year period, revenues 
from the utility have been sufficient to 
pay interest and sinking fund charges, 
or if the obligations are secured by liens 
on the respective properties and im- 
pose no municipal liability. The use 
of such utility bonds is limited for two 
reasons: |1] so few types of utilities 
are included—for practical purposes, 
in the average municipality, only water 
works; [2] the rigid interpretation of 
the provisions restricts the use of such 
borrowing to acquisition or construc- 
tion and excludes extension or im- 
provement. 

The Municipal Borrowing Law 2u- 
thorizes the issuance of nondebt reve- 
nue bonds for the construction, acqui- 
sition, extension, or alteration of any 
public works. Such bonds are not se- 
cured by taxes and, therefore, are not 
chargeable against the borrowing ca- 
pacity of the municipality. They are 
payable solely from the rentals, tolls, or 
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charges imposed for the use or services 
of the utility. At present, nondebt 
revenue bonds are not being issued in 
Pennsylvania because leading bond at- 
torneys refuse to approve them. In 
1939 (Lighton v. Abington Twp., 336 
Pa. 345) the Pennsylvania Supreme 
Court invalidated an issue of such bonds 
by one township because it involved 
the establishment of a trustee to operate 
the utility in the event of default. A 
test case is needed to establish the le- 
gality of such bonds where no trustee 
is provided. 

Authorities Acts 

The 1933 General Assembly of Penn- 
sylvania passed an act (P.L. 114) per- 
mitting counties of the second class to 
form corporations to be known as au- 
thorities, for the purpose of acquiring, 
constructing, and operating certain pub- 
lic projects which would be self-liqui- 
dating through rates or fees charged to 
those benefited by the service furnished. 

The Pennsylvania Municipality Au- 
thorities Act (Act of June 28, 1935, 
P.L. 463) extended the field of these 
authorities to include all municipali- 
ties either singly or jointly. Amend- 
ments to the act were adopted at the 
1937, 1939, and 1943 sessions of the 
assembly. 

The 1945 session repealed the 1935 
act and its amendments and _substi- 
tuted, in its place, the “Municipal Au- 
thorities Act of 1945” ( P.L. 382), which 
was amended in the 1947, 1949, and 
1951 legislatures. The 1945 act con- 
tains a provision that any authorities 
created under the acts of 1933 or 1935 
and still in existence not only enjoy 
the powers and rights of the former 
laws, but also all the powers and rights 
of the 1945 act. 

The authority, which is financed by 
revenue bonds, supplies a means by 
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which funds can be raised to construct 
or acquire revenue-producing proprie- 
tary facilities without in any way af- 
fecting the borrowing power of the mu- 
nicipality desiring the service. 

A Pennsylvania municipal authority 
is a special type of public corporation 
limited to a life of 50 years and to cer- 
tain noncompetitive, revenue-produc- 
ing enterprises that will be self-liquidat- 
ing from revenue. Municipal authori- 
ties are permitted to borrow without 
limit, provided that the indebtedness, 
payable from the revenues of the proj- 
ect, is repaid, with the proper interest, 
within 40 years. Then the project is 
transferred from the authority to the 
municipality or municipalities which 
created the authority. 

Under the act of 1937 (P.L. 739, as 
amended), water supply works were 
among the projects that might be un- 
dertaken by authorities and this has 
been clarified to mean “water works, 
water supply works, and water distribu- 
tion systems.”” Under the act of 1945, 
as amended, water authorities have 
been operating water works or water 
systems either directly or on a lease- 
back provision. 

Generally, under the act of 1945, as 
amended, authorities are given power 
“to acquire by purchase, lease, or other- 
wise, and to construct, improve, main- 
tain, repair, and operate” water works, 
water supply works, and water distri- 
bution systems. The Act of Assembly 
specifically grants the power of emi- 
nent domain for the purpose of acquir- 
ing lands, water, and water rights. 
Owners of existing water systems, 
whether public or private, are author- 
ized under the act to lease, lend, grant, 
or convey their system or systems to 
authorities upon terms mutually agreed 
upon, which is usually performed by 
using the lease-back provisions of the 
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law as interpreted and approved by the 
Supreme Court of Pennsylvania. Sec- 
tion 11 of the act of 1945, as amended, 
specifically provides that an authority 
may not acquire by eminent domain any 
property owned or used by the Com- 
monwealth of Pennsylvania, any po- 
litical subdivision thereof, or any prop- 
erty of a public service corporation. 
The purpose of this provision in the 
law is to prevent an authority from ac- 
quiring an existing water system from 
an unwilling owner. It is likewise pro- 
vided that an authority cannot con- 
struct or acquire and operate a dupli- 
cate or competitive water system. 


Establishing an Authority 


The local governing body of the mu- 
nicipality may create a municipal au- 
thority by passing an ordinance or a 
resolution setting forth its intention to 
establish an authority and setting forth 
its purpose in the articles of incorpora- 
tion. After proper public notice, these 
articles must be filed with the secre- 
tary of the commonwealth and ap- 
proved by him before the certificate of 
incorporation is issued. Generally 
speaking, a board of five members is ap- 
pointed by the governing body of the 
municipality for the purpose of direct- 
ing, managing, and operating the au- 
thority. These members serve for stag- 
gered terms, not exceeding five years, 
and must be citizens of the incorporat- 
ing municipality. This board elects its 
own officers, manages and controls the 
authority, and floats all bond issues. 
Under Pennsylvania law the bond is- 
sue of an authority need not have the 
approval of the department of internal 
affairs, as is required of municipalities 
floating general-obligation bond issues. 
In legislative circles the question has 
arisen whether or not the common- 
wealth should require bonds, issued by 
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an authority, to be approved by some 
state governing agency. The argu- 
ment against such a requirement 1s 
that, as there is no limit placed upon 
authority borrowing, the right to is- 
sue such bonds is not involved, nor is 
any tax levy to amortize the bond issue 
required, for the bonds are secured by 
revenue only. 

Under Act 108 of 1921 (P.L. 193) 
the secretary of internal affairs has the 
power and authority to require water 
authorities to file annual reports with 
the department of internal affairs. In 
1951—at the request of the various 
units of local government, banks and 
bonding houses, the Pennsylvania Mu- 
nicipal Authorities Assn., the 
American Water Works Assn.—the 
form of annual report previously re- 
quired of water utilities was completely 
revised. The form was simplified 
without eliminating any of the infor- 
mation needed by the department of in- 
ternal affairs. 


Active Authorities in Pennsylvania 


As of June 1, 1952, the records in 
the office of the secretary of the com- 
monwealth showed that 516 municipal 
authorities had been created and in- 
corporated in Pennsylvania. There 
was no breakdown to show how many 
of these authorities were general or 
special in nature. According to the 
available data in the department of in- 
ternal affairs, the following authorities 
were then active: 

Water 

School 

Sewer 

Airport 

Parking 

Building (redevelopment and 
housing ) 


Other 
Total 
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The records in the division of public 
utilities, department of internal affairs, 
disclose that for the year 1951, 90 
active water authorities in Pennsylvania 
reported. A statistical breakdown of 
87 of the 90 active water authorities 
reporting follows: 


Fixed assets 


$134,254,104 
$3,428,095 
$17,283,880 
$110,534,859 


Current assets 
Reserve fund 
Total indebtedness 
Total current liabilities $1,672,710 
Total depreciation expenses $327 803 
Interest $2,294,346 
Retirement of bonds $453,366 
Reserve fund deposits $515,333 
Total income deductions $4,441,768 
Surplus available $2,211,289 
Number of metered domestic 
customers 236,445 
Water furnished metered do 
mestic customers—/ 
gal units 
Actual billings, metered do 
mestic customers 
Number of metered indus- 
trial customers 1,980 
Water furnished metered in- 
dustrial customers—1/ 000- 
gal units 
Actual billings, metered in 
dustrial customers 


11,751,120 


$5,991,596 


20,564,901 
$2,620,423 


Authority Bonds 


The law provides that, unlike gen- 
eral obligation bonds, the obligations of 
municipal authorities are not a charge 
against the credit or the taxing power 
of the municipality, nor is the munici- 
pality liable for the payment of princi- 
pal or interest on any such obligations. 
In addition, the commonwealth as- 
sumes no liability whatever. Author- 
ity bonds, furthermore, are not se- 
cured by the property of the authority, 
but only by the revenues from the proj- 
ect operated by the authority. It is 
impossible to sell the assets of an au- 
thority to satisfy its bondholders. 
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The governing board of every au- 
thority is empowered to secure the pay- 
ment of such bonds or any part thereof 
by pledge or deed of trust of all or any 
of its revenues and receipts; to make 
such agreements with the purchasers 
or holders of such bonds, or with others 
in connection with such bonds, whether 
issued or to be issued, as the authority 
shall deem advisable ; and in general to 
provide for the security for such bonds 
and the rights of the holders thereof 
(Act of May 2, 1945, P.L. 382, as 
amended). The authority operates the 
utility at all events, so that the power 
to take over and operate the utility in 
the event of default is of no significance 
in Pennsylvania. 


Bondholders’ Rights 


The Municipality Authorities Act 
contains a number of provisions for the 
protection of the bondholders. If a de- 


fault lasts for 30 days, the holders of 
25 per cent in aggregate principal 
amount of the bonds may, by an instru- 
ment properly filed with the recorder 
of deeds, appoint a trustee empowered 


(Act of May 2, 
amended) to: 


1945, P.L. 382, as 


1. In specified legal manner, enforce 
all rights of the bondholders including 
the right to require the authority to 
collect rates, rentals, and other charges 
adequate to carry out any agreement as 
to or pledge of the revenues or receipts 
of the authority, and to require the 
authority to carry out any other agree- 
ments with or for the benefit of the 
bondholders, and to perform its duties 
under the act. 

2. Bring suit upon the bonds. 

3. By action or suit in equity re- 
quire the authority to account as it 
were trustee of an express trust for the 


bondholders. 


WATER AUTHORITIES 


—PRESENT STATUS 


4. By action or suit in equity enjoin 
any acts or things which may be unlaw- 
ful or in violation of the rights of the 
bondholders. 

5. By written notice to the authority, 
declare all bonds due and payable, and 
then, if all defaults are made good, to 
annul the original declaration and its 
consequences, provided the consent of 
the proper number of bondholders is 
obtained. 

Any trustee is entitled to the appoint- 
ment of a receiver. The trustee may 
take possession of the facilities of the 
authority, or any part of its facilities 
from which the revenues are applicable 
to the payment of the defaulting bonds. 
He may operate and maintain the fa- 
cilities taken over, collecting and re- 
ceiving all revenues, and depositing 
the amounts collected in a separate ac- 
count, to be applied in the manner di- 
rected by the court of common pleas. 
Under no circumstances, however, may 
the receiver sell, assign, mortgage, or 
otherwise dispose of any assets belong- 
ing to the authority. 

These rights are guaranteed to bondd- 
holders in every case. In addition, the 
authority, in its resolution authorizing 
the issue of bonds, may include other 
provisions which are to be part of the 
contract of the bondholders. These 
provisons may specify: 

1. A pledge of the full faith and 
credit of the authority or limitation to 
all or any of the revenues of the au- 
thority from any or all projects or 
properties. 

2. The duties of the authority in the 
construction and maintenance of the 
project. 

3. The terms and provisions of the 
bonds. 

4. Limitations on the purposes to 
which bond proceeds or federal loans 
or grants may be used. 
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5. Rates to be charged by the au- 
thority. 

6. Setting aside of reserves and sink- 
ing funds and the regulations and dis- 
position thereof. 

7. Limitations on the 
additional bonds. 

8. The terms and provisions of any 
deed of trust or indenture securing the 
bonds, or under which the bonds may 
be issued, 

9. Any other or additional agree- 
ments with the holders of the bonds. 

Obviously, these provisions are scru- 
tinized very carefully by the bond 
houses before approving any authority 
bond issue. Authorities, their proper- 
ties, operations, and securities, are free 
from all taxes under present laws and 
administrative rulings, except that the 
bonds are subject to estate and inheri- 
tance taxes. They cannot pledge the 
credit or taxing power of the state or 
any municipality and there is no means 
by which the municipalities or their 
taxpayers can be held liable for the pay- 
ment of interest and principal of the 
revenue bonds issued by authorities. 

Marketing authority bonds was diffi- 
cult many years ago but authorities 
have now captured the popular fancy. 
Their bonds have a ready market 
among both individual and institutional 
investors. Revenue bonds have been 
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issued for approximately 35 different 
purposes. The Pennsylvania law per- 
mits authorities to engage in that many 
different activities, but few such pow- 
ers have been exercised and most of 
the authorities are for water supply or 
sewage purposes. 


Conclusion 

The Chinese definition of “crisis” 
is “danger with opportunity.” Many 
local governments face a crisis. Danger 
is inherent in steadily increasing ex- 
penditures because of inflationary 
trends and the demand for new and 
better services. All the signs seem to 
indicate that local governments will 
be called upon to develop blighted 
areas, provide additional recreational 
facilities, furnish better educational op- 
portunities, improve and expand trans- 
portation systems and parking facili- 
ties, increase police and fire protection, 
construct or enlarge water and sewer 
services, and perform other new func- 
tions requiring a sizable outlay of 
money. Opportunity challenges the 
legislative and administrative official 
alike to meet fearlessly and solve con- 
structively these pressing financial 
problems. Most of the problems re- 
solve themselves into the question of 
how to meet increasing cost from lim- 
ited revenue sources. ia 


Changes in Authority Bond Indentures—Charles N. Fisher __ | 


Changes in municipal authority bond 
indentures, although primarily a field 
for lawyers, are also of the greatest 
interest and importance to engineers 
and bankers. The discussion which 
follows is a survey of the changes in 
authority indenture requirements since 
1939 as the banker sees them. 

Since the passage of the authori- 
ties act in 1935, hundreds of authority 

been 


created under the 


laws of the commonwealth, but, at last 
report, only approximately 50 per cent 
of these were active, operating entities. 
Many of the others are completely dor- 
mant and will never be revived, but 
some are in the process of becoming ac- 
tive—that is, they are consulting with 
their engineers or architects, their 
bankers, and their lawyers in accom- 
plishing the hundreds of details neces- 
sary to become a going concern. With 
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the passing years, there have been 
great and much needed changes and 
improvements in the indentures se- 
curing the authority bonds. 

The fashion in authorities has 
changed. In the years before the war, 
the municipalities resorted to the au- 
thority method of financing primarily 
for water and sewer systems, but 
now there are also school authorities, 
parking authorities, municipal recrea- 
tion authorities, arena authorities, and 
housing authorities. According to the 
law, no authority that is not revenue 
producing can be granted a charter, 
and the types are specified. The au- 
thor is sure that if it were not for this 
provision, there would be many hun- 
dreds of other kinds, such as street- 
paving authorities and police authori- 
ties, for the authorities law has been a 
tremendous boon to the municipality 
hard pressed to find funds under the 
general-obligation borrowing power for 
needed municipal improvements. 

Fortunately for the future genera- 
tions of water users, sewerage system 
customers, school district taxpayers, 
and parking lot customers, the improve- 
ment in the indentures securing the 
bonds has kept pace with the changing 
fashions in authority financing. Docu- 
ments are now used which, although far 
from perfect, are an infinite improve- 
ment over those of fifteen years ago. 


Authority Bond Market 


There was avery limited market for 
the authority bond of 1939-42. Cus- 
tomer reluctance had to be overcome, 
and some authorities suffered under the 
restrictive provisions of those early in- 
dentures, but the powers of the Au- 
thorities Act of 1935, before it was 


amended in 1947 and 1949, were lim- 
ited, and the complete lack of opera- 
tional experience resulted in errors on 
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the side of tightness and rigidity rather 
than possible laxity. 

Today, the investment banker can 
approach an authority transaction in 
a much more tranquil condition of 
mind because : 

1. A greatly expanded market for the 
security exists. 

2. Better operational practices— 
grown up through experience—can be 
relied upon. 

3. Engineering is more sound. 
Many fallacies of the past have been 
exploded and many experimental theo- 
ries expounded before the war have 
been proved to be sound and scientific 
logic. 

4. A stronger financial background 
exists. Certain formulas and practices 
have not borne the test of time and 
other, sounder ones have taken their 
place. 

The tendency nowadays is to weigh 
these factors and add to them the ever- 
present factors of the credit of the com- 
munity and the character risk, as ex- 
emplified by the type of individuals 
on the authority board and the kind of 
people in the community. If the ad- 
dition comes out on the plus side, a 
liberal indenture with all the modern 
trimmings can be had, and if on the 
minus side, a tight, but not hampering, 
document is issued. eee 


New Liberal Rules 
New, 


more liberal, and more flexible 
rules are now available to the high- 
grade authority group in its indenture. 
The indenture is the instrument of 
trust whereby the rights of the bond- 
holders and the authority itself are de- 
fined. In a typical indenture are out- 
lined a description of the bonds them-- 
selves; their authentication and de- 
livery—that is, what must be accom- 


plished before the bondholders 
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over their money to the authority and 
the bonds become a negotiable instru- 
ment; the revenues and funds of the au- 
thority, their flow and expenditure, 
and their accumulation; the covenants 
on the employment of a consulting en- 
gineer during the life of the issue and 
the employment of certified public ac- 
countants ; the preparation of budgets ; 
the carrying of insurance; the refund- 
ing of the bonds; and many other 
clauses and covenants which the ex- 
perience of years has shown to be es- 
sential. 

Although the average indenture of 
today appears infinitely more complex 
to the layman than that of twelve to 
fifteen years ago, this apparent com- 
plexity is merely an attempt by the 
engineer, the attorneys, and the invest- 
ment banker to forestall the problems 
that have proved difficult in the past. 
The indenture of fifteen years ago, al- 
though seemingly simple, was actually 
rigid because of the minimum of ex- 
perience behind its The 
drafters of those early indentures were 
relying mainly on their experience with 
corporate bond indentures, but the dif- 
ferences are many—for example, the 
average authority, being a public body, 
must keep its rates as close to an op- 
erating balance as possible, while at 
the same time accumulating those sur- 
pluses necessary for future eventuali- 
ties. The corporate bond, on the other 
hand, is always followed in the capital- 
ization of the company by either pre- 
ferred or common stock, or both, with 
the resultant much greater margins of 
safety. A good corporate bond will 
have a coverage of 300 or 400 per cent 
of its principal and interest require- 
ments, whereas a coverage of only 120 
per cent is deemed to be sufficient for 
a high-grade authority credit. 
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Many liberalizing tendencies have 
been incorporated into the present-day 
indenture. A few of the more im- 
portant examples are: 

1. Redemption provisions have been 
liberalized. Formerly, many bonds 
were issued as noncallable, and few 
bonds had a call date earlier than 10 
years, but now it is a rare issue that 
does not have all of its bonds callable 
within 5 to 8 years, and some sooner, 
by utilization of a regular sinking fund, 
or on compliance with special condi- 
tions. 

2. The handling of the funds of the 
authority has been liberalized. There 
is much less red tape and fewer multi- 
ple accounts, and much more discretion 
is given to the engineer and to the au- 
thority members—for example: 

a. A clause is included to permit 
making capital expenditures, in the 
first instance, from operating funds 
without certification of the consulting 
engineer, such operating funds to be 
later reimbursed, at regular intervals, 
after the proper certification from the 
engineer has been obtained. 

b. Employees of the authority are 
paid out of only one fund, the opera- 
tion fund, instead of two or more, and 
this operation fund is later reimbursed 
from the capital fund or the construc- 
tion fund, whichever applies, after the 
engineer has so certified. 

3. The issuance of additional bonds 
has been considerably liberalized. The 
modern aggressive water authority that 
wishes to expand is no longer ham- 
pered by lack of funds, if their ex- 
penditure can be justified under cer- 
tain formulas set up and certified by 
the consulting engineer, and the capi- 
tal can be raised by the banker after 
analysis of the engineering figures. 

4. The expenditure of reserve bal- 
ances has been liberalized. It used to 
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be mandatory that 50 per cent or even 
higher percentages of the surpluses 
available after operating expenses and 
the setup of bond reserves be required 
for the retirement of bonds, leaving 
little or no funds for capital extensions 
or improvements. There is a modern 
trend for the disposition of these sur- 
pluses to be determined by an annual 
conference between the authority and 
its consulting engineer. After the 
needs of the immediate future have 
been met and proper emergency re- 
serves provided for, however, it should 
be mandatory for the remaining sur- 
plus to be used for reduction of debt. 

5. The modern indenture attempts 
to permit recognition of possible 
changes in the earning ability of the 
system so that possible periods of 
strigency will not necessarily forbid 
use of funds for desired and neces- 
sary capital expenditures, extensions, 
and improvements. Likewise, periods 
of great surpluses can be utilized for 
heavy payments on debt to the advan- 
tage of future years. 

6. The original law did not expressly 
permit refunding, and in many inden- 
tures of that era, there was no clause 
which permitted the freeing of the 
bonds from the shackles of the inden- 
ture by deposit with the trustee of the 
entire amount of money required to pay 
them off completely. The modern in- 
denture now permits bonds to be paid 
off, either from available annual sur- 
pluses, by a complete refunding opera- 
tion, or by deposit of the entire amount 
of the funds required by the borough, 
which might conceivably obtain the 
amount from general-obligation funds. 
This ability to pay off the bonds per- 
mits not only a more rapid reduc- 
tion of interest charges through an- 
nual payments, but also allows advan- 


tage to be taken of low interest rates, 
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either in the authority bond market or 
in the general-obligation bond market, 
for a complete payment of the issue. 

7. A new clause which has not been 
seen very often, but which the author 
believes to be desirable, is the permit- 
ting of short-term borrowing—once 
more upon compliance with certain 
formula requirements—and the re- 
funding of this short-term borrowing 
by the issuance of longer-term bonds 
at some future date. 

8. Often the old-style indentures spe- 
cifically laid down, for all time, the 
rules for line deposits and tap fees. It 
is now considered extremely foolish to 
specify anything other than that such 
rules and regulations must be to the 
satisfaction of both the authority and 
the consulting engineer ; the future rules 
and regulations are left to their discre- 
tion. Many an authority has been seri- 
ously hampered by its inability to take 
advantage of the growth in its neigh- 
borhood through too stringent line de- 
posit regulations. 

9. The banker, with his emphasis on 
good housekeeping, has always re- 
quired that budgets be drawn up at 
least annually with the help of the con- 
sulting engineer. It is now considered 
proper, however, to permit modification 
in this budget during the year, with the 
consent of the consulting engineer, and 
it is even considered a debatable ques- 
tion whether or not capital expendi- 
ture should be budgeted at all, hecause 
of the possibly unnecessary stricture 
this imposes upon the healthy expan- 
sion of the authority. 


Other Indentures 


Most of the new liberal tendencies 
given apply specifically to water au- 
thority indentures, although the gen- 
eralities, of course, have a broad ap- 
plication. It should be noted, however, 
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that with the growth of the sewer au- 
thority, a new field of indentures has 
been opened. This new indenture has 
developed because of the difficulty in 
obtaining a strong enough credit risk 
through a straight sewer revenue bond 
and the resultant necessity for resort- 
ing to lease-backs to the borough, tie- 
ups with the water system, and the use 
of special assessments. 


Conclusion 
Even more today than ever, the for- 


mation of an authority is a matter of 


teamwork, the members of the team 


Management Problems—lI. S. Sahli 


The author has been actively inter- 
ested in the growth and proper control 
of municipal authorities throughout 
Pennsylvania. The Beaver Falls Au- 
thority has a total invested capital of 
well over $5,000,000 with total annual 
revenues of approximately $600,000. 


The authority method of operating 
certain public services brings to a com- 


munity the benefits of a businesslike 
administration of a private enterprise 
in an atmosphere of public ownership. 
As a whole, authority operations are 
just as successful as their management, 
and, in turn, their management is just 
as good as the political subdivision 
which creates them, inasmuch as the 
board members are appointed by the 
governing bodies creating the authority. 
In the appointment of board members, 
there are two apparent safety valves: 

1. The board appointments are usu- 
ally made for terms of five years with 
an expiration and subsequent appoint- 
ment coming each year. Consequently, 
political upsets do not result in imme- 
diate change of the personnel of an au- 
thority board, and the program of pol- 
icy on authority operation is stabilized. 
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being the originating municipal body, 
the authority members themselves, the 
bond attorneys, the solicitor for the 
authority, the consulting engineer, and 
the banker or fiscal adviser. All of 
these members of the team must be 
consulted and must be considered in the 
creation of a proper, modern, flexible 
indenture, but inasmuch as the responsi- 
bility for the future lies in the hands of 
the consulting engineer to such a great 
extent, the engineer should study the 
draft of an indenture very carefully 
and help the banker make it the way 
the engineer wants it, 


2. Probably the important 
safety feature is the requirement that 
operation comply strictly with the bond- 
holders’ indentures or bondholders’ 
covenant. Thus, for the most part, au- 
thorities in Pennsylvania are able to 
operate in an atmosphere relatively 
free from political pressures. 


In the field of appointments, as else- 
where, there no utopia. Board 
members should be appointed in a non- 
partisan manner, but unfortunately this 
does not always happen. The influ- 
ence of the bondholders, good legal 
counsel, and local public opinion, how- 
ever, is ever present and, in the au- 
thor’s authority, at least, this influence 
has greatly controlled the city council 
in making board appointments or re- 
appointments. Of course, there have 
been some very bad exceptions to this 
rule, which have reflected unfavorably 
on authority management in some com- 
munities—for example, a city council 
once appointed a man to an authority 
board because he was a master plumber. 
They backed up this appointment by 
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stating that as a plumber he would 
“come in handy” around the place. In 
another community, a member was ap- 
pointed because his business connec- 
tions enabled him to buy certain ma- 
terials wholesale, and still a third be- 
cause he needed the money—a direc- 
tor's of $25.00 a month. Most 
certainly, these men were not in a posi- 
tion to contribute the judgment neces- 
sary to administer the affairs of an 
authority, with a responsibility to both 
the bondholder and the community. 


fee 


Good Management 


There is no substitute for good man- 
agement, which should be the prime re- 
sponsibility of a board. The board 
should first place all the responsibility 
for operation in the hands of a good 
manager, properly defining the policies 
for him, and should then check regu- 
larly and carefully ‘to see if the poli- 
cies are carried out. The board should 
not attempt to execute policy. Inter- 
ference from board members in man- 
agement details only confuses a good 
manager and leads the way to a gen- 
erally inefficient operation. Rarely do 
members of the author’s board set foot 
on authority property between regular 
meetings, and when a member does, it 
is generally for a necessary or construc- 
tive purpose. Of course, personnel and 
management difficulties will from time 
to time require the attention of the 
board. Before placing blame on the 
manager or any of his subordinates, 
the board members should ask them- 
selves these questions: Who hired this 
man? Who directed him? Who de- 
cided his salary? Has the board taken 


into consideration changing times, in- 
flation, pensions, and competitive work- 
ing conditions ? 


Did the board con- 
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sider these problems at the 
meetings 


etings? Sometimes it is not neces- 
sary to go out of the boardroom to find = 


a solution for a so-called problem. 


Authority Board Functions 


The proper functions of an authority 
board include defining policy, giving 
the manager necessary authority to 
carry it out, and consulting with spe- 
cialists—lawyers, engineers, bond ex- 
perts, and the like—when problems in- 
volving policy decisions arise. 

The author feels that the authority 
board should : 

1. Act as “watchdog” over the bond | 
indenture. 

Take pride in its financial ae 
ment. 

3. Take pride in the physical plant—_ 
its appearance and beauty. 

4. Protect the credit of the authority 
(experience indicates that as the com-_ 
munity expands, new. bond issues 
required and refunding of the old is— 
often good business ). 

Respect the relationship with the— 
trustees of the bondholders. 

Attempt to assure continuity of 
management. 


7. Consider fair and feasible pet nsion 
plans. 

8. Select and engineering: 
counsel that is competent and inter- 
ested. 

9. Adopt a plan—perhaps a 5-year 
plan—in keeping with the growth of 
the community. 

10. Consider its obligation to the 
entire community, rather than the po- 
litical subdivision forming the authority. 

11. Be willing to take risks in mak-_ 
ing extensions to keep pace with con-_ 


templated growth. OF 
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12. Be cognizant of its public rela- 
tions, particularly if serving more than 
one community. 

13. Report annually or regularly, in 
an organized manner, to the city coun- 
cil. 

14. Be very careful in making state- 
ments on extension of authorities into 
other categories. 

15. By precept and example, prove 
that water and other types of authori- 
ties are looking to the best interest of 
all the citizens. 
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The board should not: 

1. Circumvent management on labor 
problems, procurement of materials, 
commitments, or extensions or, in fact, 
on any subject pertaining to operation. 

2. Unduly solicit the city fathers to 
intervene in disputes with management. 

3. Criticize without being fully in- 
formed. 

4. Discuss labor or other problems 
with employees. 

5. Encourage waste and spendthriit 
policies by exploiting expense accounts, 


Operating Problems—J. C. DeGroot 


Generally, routine operating prob- 
lems under authority management are 
not different from those encountered 
under private ownership, holding com- 
pany management, or direct municipal 
control. Usually, the operation of an 
authority project is delegated to a com- 
petent, professionally trained manager 
appointed by and responsible to the 
board. The board primarily acts as a 
policy-making group, and delegates 
complete control of personnel and other 
managerial functions to the manager. 

Under such circumstances, a man- 
ager has entrusted to him tremendous 
responsibilities in carrying on the vari- 
ous phases of operation of the indi- 
vidual project in order to furnish ef- 
ficiently the best type of service to the 
customers. These responsibilities in- 
clude: [1] assurance that all provi- 
sions of the bond or trust indenture are 
complied with, in order to protect the 
bondholders fully ; [2] effective main- 
tenance of a well-knit, efficiently oper- 
ating organization, including sponsor- 
ship of the best possible employer-em- 
ployee relationships by paying adequate 
compensation commensurate with abil- 
ity to produce, and by promoting and 
expanding welfare and security for all 


employees; [3] carrying on a project 
with the lowest possible operating ra- 
tio in order to assure progress; [4] 
handling all expansion problems _re- 
quiring extension of facilities on a solid 
business basis; and [5] maintenance 
of cordial public relations with the con- 
suming public. 

If an alert manager can measure up 
to these requirements, and if the gov- 
erning board fully recognizes its re- 
sponsibilities and obligations to the 
bondholders, employees, and customers 
alike, a manager’s life will run smoothly. 


Extension Problems 


This is an era of continual develop- 
ment and expansion, occasioned by a 
constant increase in population, an in- 
crease in expansion of industrial fa- 
cilities, and an exodus of people from 
congested areas, all of which present 
problems in furnishing service to po- 
tential customers whose dwellings or 
factories are located or are to be lo- 
cated at points beyond existing facili- 
ties. 

Requests for extension to meet serv- 
ice demands necessitate, in the author's 
authority, the extension of water mains 
ranging from 100 ft to 2,000 ft, and 
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costing from $400 to $8,000. Each in- 
dividual request must be thoroughly 
analyzed and approached from a com- 
mon-sense, business viewpoint. An es- 
timate of cost must be prepared after a 
field survey has been made to determine 
the amount of investment needed and 
the anticipated revenue to be derived, 
both immediate and potential. These 
factors then determine whether a satis- 
factory net return will be derived. If 
the return will be satisfactory, the au- 
thority will make the installation at its 
own expense. If the net return is in- 
sufficient to warrant investment by the 
authority, several plans are offered to 
the customer. The customer can either 
contribute the difference between what 
the authority can expend and the total 
estimated cost, or the customer or cus- 
tomers can agree to a contract guaran- 
teeing the necessary amount of revenue 
to provide the desired net return. 

The Northampton Borough Munici- 
pal Authority requires that a main ex- 
tension give a net return of 4.5 per 
cent. The annual revenue per do- 
mestic customer on the system is 
$22.00. With an operating ratio of 
40 per cent, in order to arrive at a 4.5 
per cent net return, the gross return 
must equal 7.5 per cent. In other 
words, using this formula, $270.00 per 
customer can be expended on a water 
main extension. 

Therefore, in an extension of 1,000 
ft of 6-in. main costing $4,000 to serve 
eight immediate and two potential cus- 
tomers, the authority would expend 
$2,700 and require a cash contribution 
of $1,300 as an aid to construction. 
When and if additional customers over 
the original ten contract for service and 
are placed in service, the authority re- 
funds $270.00 per unit, on a propor- 
tional basis, to the original group that 
made the contribution, the total re- 


funds not to exceed the original amount — 
of deposit. 

On the alternate plan, the potential 
customers could execute guaranteed- 
revenue contracts to provide a 7.5 per 
cent gross return on the investment. 
Such a guarantee would amount to 
$30.00 per annum each, with the pro- 
viso that each additional customer re- 
ceiving service on this extension would 
automatically reduce the originai guar- 
anteed annual revenue by the amount 
of additional revenue received. : 

The author feels that this policy is _ 
liberal. Policies on main extension 
differ greatly among the different au- | 
thorities in Pennsylvania. 


Various Authority Policies 

The Beaver Falls Municipal Au-— 
thority reports that it will install 100 it — 
of 2-in. main for each new customer | 
without cost to the new customer, but 


the customer must pay the cost of the 
extension beyond 100 ft. If other 
people are served by an extension of 
a 


2-in. line, a credit of 100 ft for each new 
customer will be given to the person 
paying for the extension when service _ 
is begun. In extending 4- or 6-in. 
mains which furnish fire protection as — 
well as water supply, the Beaver Falls 
Authority will install 50 ft of main 
without charge for each new customer. | 
The cost of an extension beyond 50 ft a 
is divided equally between the customer 
and fire protection, so that the cus- 
tomer is directly charged with 50 per 
cent of the expense of the main be- | 
yond the 50-ft extension. 

The Authority of the Borough of 
Charleroi requires each new customer 
to make a construction deposit equal 
to the cost of the extension. A refund 
for each customer served by the ex- 
tension is made when a service line is 


connected and consumption begun. _ 
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The refund is computed at seven times 
the estimated annual consumption 
charge for each customer. No part 
of the deposit remaining after ten years 
from the completion of the extension 
will be refunded. 

The Chester Municipal Authority 
will pay one-half of the cost of an ex- 
tension. 

The Clearfield Borough Authority 
negotiates with each person requiring 
an extension. The policy of installing 
50 ft of main for each new customer is 
usually applied. 

The Elizabeth Township Authority 
requires construction deposits equal to 
the entire cost of the extension. De- 
posits are returned to the persons mak- 
ing them as new customers are added 
to the extension. An amount equal to 
3.5 times the estimated annual reve- 
nue contributed by each new customer 
is refunded. No part of the deposit 
remaining after a ten-year period is 
refunded. Because of the limit imposed 
on the authority by its indenture agree- 
ment, however, no refunds have been 
made recently. 

The Gettysburg Municipal Author- 
ity requires a deposit equal to the en- 
tire cost of the extension. The entire 
deposit is returned, however, when the 
service connections are made to all 
the properties along the extension. 
Refunds are made for a twelve-year 
period from the date of the construc- 
tion of the extension. 

The Greenville Municipal Authority 
requires construction deposits equal to 
the cost of the extension. These are 
returned on the basis of 3.5 times the 
estimated annual revenue of each new 
customer served by the extension. The 
refund is made when new customers 
are connected and consumption started. 
No part of the deposit is returned after 
ten years. 


The Hazleton City Authority also 
requires a construction deposit equal 
to the estimated cost of the line. A re- 
fund is made for each new customer 
added to the extension within five years 
of its completion, The refund is com- 
puted by multiplying the estimated an- 
nual revenue of each new customer by 
25. 

The Lansdale Municipal Authority 
will invest $100 on 6-in. mains for each 
new customer. If the extension costs 
more than $100 the customer must pay 
the balance. As other customers are 
added, $100 is refunded for each new 
customer. No refunds are made after 
eight years. 

The Latrobe Municipal Authority 
requires construction deposits to cover 
the costs of extensions. A _ refund 
computed at nine times the estimated 
annual revenue contributed by each 
new customer connecting to the ex- 
tension within five years of its com- 
pletion is made. 

The Lehighton Water Authority fol- 
lows a policy identical with Latrobe’s, 
except that the refund is computed by 
multiplying the estimated annual rev- 
enue of each new customer by 2.5. No 
part of the deposit remaining after five 
years from the construction of the ex- 
tension is refunded. 

The Lewistown Water Authority re- 
funds the required construction de- 
posits for extensions. A _ refund of 
$100 for each abutting property is made 
to the person making the deposit. 

The New Kensington Municipal Au- 
thority refunds the construction de- 
posit required for water extensions by 
returning an amount equal to seven 
times the estimated annual revenue of 
each new customer. No refunds are 
made for new customers added five 
years after the completion of the ex- 
tension. 
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The North Versailles Township Au- 
thority will install up to 100 ft of main 
for each new customer when conditions 
affecting construction are “standard.” 
If the required extension is longer or 
if rock is encountered, the person de- 
siring the extension must pay the ex- 
tra cost. 

The Oakmont Municipal Authority 
will make extensions only if the person 
desiring service deposits the estimated 
cost with the authority. <A refund of 
$75 is made for each customer con- 
nected to the extension and $150 for 
each fire hydrant. No part of the de- 
posit remaining after ten years is re- 
funded. 

The Shenandoah Borough Authority 
requires construction deposits for each 
extension to its lines. A refund com- 
puted by multiplying the estimated an- 
nual revenue of each new customer by 
2.5 is made when new customers are 
connected to the extension. No por- 
tion of the deposit remaining five years 
after the completion of the extension is 
refunded. 

The State College Borough Author- 
ity will make extensions to its lines 
without an additional charge if the 
total cost of the extension does not ex- 
ceed $100. If the cost of the extension 
is greater than $100, the authority of- 
fers two options to the person requir- 
ing the extension. One of these op- 
tions provides that the person may 
either construct the extension using 
materials and specifications of the au- 
thority, or pay all ‘costs over $100 if 
the authority builds the extension. 
The extension becomes the property 
of the authority upon completion, and 
the authority maintains the line. The 
person requiring an extension is then 
obligated to pay his regular water con- 
sumption charge or minimum water 
bill. If other customers are added to 
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the extension paid for by any person, 
the State College Authority will con- 
nect their properties only if the new 
customers assume the proportional cost 
of the extension by making a payment 
to the original customer. 

If a customer requiring an extension 
costing over $100 from the State Col- 
lege Borough Authority does not wish 
to construct or pay for the extension, 
the authority has an optional method 
of financing. This consists of the pay- 
ment by the person of an annual “carry- 
ing charge” computed at 6 per cent of 
the cost of the line. The carrying charge 
is paid with the regular quarterly con- 
sumption charge, and, in addition, the 
customer must pay at least the mini- 
mum charge for water consumption. 
The carrying charge does not reduce 
the principal upon which it is computed. 
If other customers are added to an ex- 
tension, the carrying charge is divided 
among them. Ifa further extension is 
added to an extension on which a 
carrying charge is being paid, the new 
extension will be treated separately 
if its inclusion would increase the 
charges already being paid. The mini- 
mum water consumption charges plus 
the carrying charges are calculated to 
give the State College Authority a re- 
turn of 12 per cent on its investment 
in the water distribution system. 

The West View Authority will in- 
vest $125 in an extension for each new 
customer. If the costs exceed $125 for 
each customer, the balance must be paid 
by the person desiring the extension. 

The Wilkinsburg-Penn Joint Water 

Authority requires that construction 
deposits equal to the cost of the exten- 
sion be made by all persons requiring 
extensions. The deposits are refunded 
to the persons making them. For each 


domestic customer added to the exten- 
$50 is returned and $1 for each 


sion, 
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fineal foot of the extension is 
_ if fire protection is contracted for by 


a municipality. Refunds are made for 
a period of 20 years. 

Williamsport Municipal Water 
Authority also requires construction 
deposits. The authority will make re- 
funds computed at 6.66 times the esti- 
‘mated annual revenue for each new 


customer when he is connected to the 


extension. No portion of the deposit 


remaining with the authority after 12 
years is refundable. 


‘Municipal Leases 


The water works in another group 
of municipalities in Pennsylvania, al- 
though owned by water authorities, are 
leased to the municipality for operation. 

‘The extension financing method for 
some of these follows : 

Allentown makes special assessments 
apportioned by frontage for all water 
‘main extensions. 

_ Bethlehem charges for extensions of 
mains over limits of 50 ft per customer 
in outlying areas 

Chambersburg makes special assess- 
iments apportioned by frontage against 
all properties served by the extension. 
‘The special assessments are then re- 
bated by issuing credit to be used in 
paying water consumption bills. The 
rights to water assessment rebates may 
Bs assigned to other persons if property 


is sold. 


Lebanon makes special assessments 
for outside customers only. 
Quakertown main extension costs 
are paid by property owners through 
front-foot special assessments. For a 
period of five years the water bills are 
discounted 50 per cent, or until the 
credit equals the amount of the special 
assessment. 
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Water Service Installations 


The author has ascertained that a 
number of authorities make a charge 
for water service installations. For 
a }-in. tap, New Kensington Authority 
makes a charge of $35.00; Muhlenberg 
Authority $25.00 plus paving costs; 
Latrobe Authority $35.00; and Hazle- 
ton $37.50 plus paving costs. At the 
Northampton Borough Municipal Au- 
thority, the authority installs the serv- 
ice connection to the curb, charging the 
customer for the paving costs. With- 
out benefit of specific information, the 
author assumes that other authorities 
install and maintain service connections 


from the main to the curb. - 


The general purpose and intent of 
the Authorities Act was to benefit the 
people of the commonwealth by giving 
them the best type of service at the low- 
est possible cost. Since the use of au- 
thority revenues are restricted to oper- 
ating expenses, debt service, plant ex- 
pansion, or rate reductions, it follows 
that the revenues available for exten- 
sions are very much limited after oper- 
ating expenses and debt service re- 
quirements are met. The importance 
of analyzing each extension request on 
a common-sense, solid business basis 
should be reemphasized, for it is ab- 
solutely essential that the service 
charges approximate the costs of pro- 


viding the service. 


The importance of maintaining cor- 
dial relations with the consuming pub- 
lic should also be stressed. This prob- 
lem can be minimized if the operating 
organization gives the manager full 
cooperation. If the meter reader, who 
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makes more contacts than anyone else, 
is courteous and answers all questions 
asked in a polite manner, customers will 
think he works for a good organization. 

If the girl at the telephone in the 
office answers all questions in the 
proper manner, and can handle com- 
plaints in a diplomatic way, she can 
be a real assistant in helping public re- 
lations. If the girl at the counter is 
patient, explains at length the reason 
for abnormal bills, and can courte- 
ously answer any questions asked by 
the customer, this type of service will 
surely help improve public relations. 
If the foreman carries on his work ef- 
ficiently, notifies customers of a shut- 
down for repairs, if possible, and is 
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scrupulous in doing his work, the — 


customers will think well of him and | 


his organization. 

Therefore, it seems to the author that 
public relations problems, as well as all 
of the other problems confronting a 
manager day in and day out, can be 
met and overcome if the operating or- 
ganization and the governing board 
of the authority are steadfast in their 
desire to furnish the best type of serv- 
ice at the lowest possible cost to the 
consuming public. If this goal is fol- 
lowed through practically, the purpose 
of the act which provided for the for- 
mation of authorities will be fulfilled, 
and the successful progress of an au- 
thority project will be assured. nt 


Cancellation of Specification for C 


-50 Paint 


By action of the AWWA Board of Directors on Jan. 19, 1953, approval of 


cold-applied coal-tar paint CA-50 has been rescinded and Sec. 5.4.5 and 7.3 de- 
leted from the “Tentative Recommended Practice for Painting and Repainting 
Elevated Steel Water Storage Tanks, Standpipes, and Reservoirs—AWWA 
D102-52.” It has been found that this cold-applied coal-tar paint, unless thor- _ 
oughly and slowly dried, is likely to impart an unpleasant taste to water. ot 


By Thomas M. Niles 


A paper presented on Oct. 30, 1952, at the Chesapeake Section Meet- 


7 4 
ing, Washington, D.C., by Thomas M. Niles, Partner, Greeley & ay 


Hansen, Chicago. 


HE selection of pumping equipment 

is a cooperative undertaking in 
which the best efforts of the pump de- 

signer and manufacturer must be 
brought together with the requirements 
of those who purchase and use the 
equipment. Broadly speaking, the 


_ purchaser determines and specifies the 
operating requirements of the installa- 
tion, and the pump manufacturer de- 
signs, builds, and furnishes equipment 
that will perform the required service. 


his engineer attempt to design the 
equipment. 
It is difficult to decide how far the 
a should go in determining the 
requirements and at what point the 
manufacturer should take over. One 
- sme would be for the purchaser to 
_ have the manufacturer design and con- 
tract the entire pumping station, com- 
plete with building, equipment, and 
piping, to meet specified requirements 
for deliveries and heads. This would 
give the maximum latitude to the pump 
designer and manufacturer, and, with 
suitable general stipulations on mate- 
rials and methods of construction and 
suitable provisions and guarantees of 
operating and maintenance costs and ef- 
_ ficiencies, might well result in the least 
cost to the owner. Usually, however, 
such factors as space utilization, de- 
sired operation and maintenance pro- 


rc. 


grams, and integration with other fa- 
cilities make this procedure impractical. 
The purchaser can best be assured that 
all of his requirements will be met prop- 
erly by determining for himself what 
numbers, capacities, and types of pump- 
ing units should be used and how they 
are to be arranged and installed, and 
retaining the control of and respon- 
sibility for the pumping station design. 

This paper makes no attempt to 
cover the entire field of pump installa- 
tion or design. It is intended merely 
to outline and describe procedures that 
may be followed in arriving at sound 
conclusions regarding the equipment 
needed and the degree to which its 
characteristics and details should be 
made subject to the requirements of the 
specifications. 

Few people can afford custom-made 
automobiles. Most are content with 
standard products which meet nearly 
all their needs and desires. Similarly, 
for the smaller pump installations, the 
dictates of sound economics point to 
utilization, wherever possible, of stand- 
ard lines of equipment already devel- 
oped and in manufacture. Only in the 
very large installations should it be 
expected that the pump design be tai- 
lored to fit the job. 

The examples which follow gener- 
ally involve works of comparatively 
large magnitude, where all of the con- 


| 
election of rumping Equipment 
| 
| 


PUMP SELECTION 


Feb. 1953 


siderations covered are of importance. 
Many of the procedures are, however, 
applicable to smaller projects as well. 
Also, the examples are intended to 
cover primarily the investigations and 
determinations needed in connection 
with the pumping of water by electric 
power into a distribution system. 
There is no such thing as a “typical” 
pumping station or a “typical” set of 
conditions. It is undoubtedly true that 
in no situation will all of the procedures 
and considerations apply without modi- 
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Fig. 1. Estimated Future Pumpage 


By the year 2000, pumpage requirements 
are double those of 1950. 


fication or adjustment to meet the re- 
quirements of the particular problem. 
Most of the procedures described, how- 
ever, have been used with some degree 
of success in actual practice, and all of 
the problems discussed have been en- 
countered in the design of pumping sta- 
tions and the preparation of specifica- 
tions under which the equipment is 
purchased. 


Quantity Studies 


Basic to the selection of pumping 
equipment is the estimation of the quan- 


tities of water that must be pumped 
during the design period and the deter- 
mination of the rates of delivery to be 
provided by the installation. Forecasts 
of future requirements take into ac- 
count past records or estimates of 
pumpage and such considerations as 
population growth, commercial and in- 
dustrial developments, and new uses 
for water. 

Figure 1 illustrates in a manner con- 
venient for reference certain results of 
the water quantity forecasts. The dia- 
gram shows, for a number of years in 
the future, the expected average yearly 
pumpage, the pumpage on the mini- 
mum day, and two lines for pumpage 
on the maximum day of the year, one 
of which is likely to be reached with 
some regularity and the other only at 
rare intervals, perhaps once in 10 years. 
On this diagram, estimated future 
pumpage requirements are shown up 
to the year 2000, by which time the re- 
quirements are indicated to be double 
those of 1950. Although it may be ad- 
visable to install equipment initially to 
be adequate for a considerably shorter 
period, perhaps 20 years or so, many 
pumping stations in operation today 
were built 50 or more years ago, and 
it is not unreasonable to consider such 
a period in the design of the station 
structures and piping. 

The variations in daily and hourly 
pumpage may be estimated by an analy- 
sis of past records, conveniently plotted 
on probability paper to arrive at a curve 
of variations as shown in Fig. 2. In 
this example, the curve represents var- 
iations in daily pumpages expressed as 
percentages of the average rate of 
pumpage for the year. This curve is 
in agreement with the quantity fore- 
casts shown in Fig. 1. Curves of this 
type may be used in estimating the per- 
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centages of time or number of hours or 
days during which pumpages at various 
rates will be required. 

Future variations may differ from 
those of the past, and adjustments 
based on estimated future changes in 
the magnitude and timing of peak de- 
mands may be in order. Where high 
seasonal loads are expected to increase, 
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plified presentation of data obtained 
from records at Washington, D.C., 
where the curves for the individual 
service areas are considerably differ- 
ent. In studying the requirements of 
a single system, it is desirable to plot 
curves of hourly variations for a num- 
ber of the highest demand days of 
record, in order to arrive at a composite 
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Fig. 2. Variations in Daily Pumpage Rate 


The curve shows the percentage of days a given pumpage rate (expressed in terms of 


per cent of annual daily average) will be equaled or exceeded. 


Maximum and 


minimum daily rates are the same as in Fig. 1. 


the maximum pumpages may become 
progressively higher percentages of the 
yearly average rates. 

Figure 3, showing hourly variations 
in pumpage on a maximum day, is 
typical of hourly variation curves that 
may be plotted from the records. The 
rate for each hour is shown as a per- 
centage of the average for the 24-hour 
period. Figure 3 is a somewhat sim- 


or “judgment” curve considered proper 
for design use. 

Studies of hourly variations are nec- 
essary in connection with nearly all 
pumping problems involving distribu- 
tion systems, whether direct pumping 
with no distribution storage or pump- 
ing to a system with liberal or limited 
storage is involved. Even with storage 
more than sufficient to take care of 
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hourly variations on a maximum day, 
so that theoretically the supply to the 
system could be constant at the maxi- 
mum-day rate, the variations in system 
hydraulics during emptying and filling 
the storage tank or reservoir may have 
a marked effect on the pumping heads. 


Head Computations 


Computations of the heads against 
which the pumps will operate are equal 
in importance to quantity studies and 
may well require the greatest effort, 
judgment, and ingenuity of the entire 
pump selection procedure. Figure 4 
shows schematically a simplified ver- 
sion of a distribution system with di- 
rect pumping (no distribution storage ), 
a maximum-day demand of 100 mgd, 
a maximum hourly rate of 130 mgd, 
and a minimum hourly rate of 55 mgd. 
These rates correspond to the quanti- 
ties and percentage variations shown 
in Fig. 1-3 for a maximum day likely 
to be reached in 1967-74, assumed to 
be the limit of the design period. 

As a first step, a simplified represen- 
tation of the actual or proposed dis- 
tribution system is worked out, such 
that the resulting study network has 
hydraulic characteristics similar to the 
complete system. The quantities of 
water leaving the system at or near the 
various intersection points are then 
estimated, as indicated on the plan 
view of Fig. 4 by the figures adjacent 
to the arrows. In this figure, the hori- 
zontal arrows below the plan indicate 
the estimated quantities flowing from 
left to right through the various sec- 
tions. 

Hydraulic computations are made 
for the direction and quantity of flow 
and for friction loss in each pipe of the 
simplified system for each set of condi- 
tions to be studied. These studies, usu- 
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ally made by the method of successive 
approximations, are quite laborious in 
a large system although routine in pro- 
cedure. In simple systems and in por- 
tions of systems, further simplifications 
based on equivalent pipes, combined 
with intelligent approximations and 
judicious use of trial figures, frequently 
give sufficiently accurate results. When 
a large number of system studies are 
to be made, much time can be saved by 
the use of electrical-resistance hydraulic 
analyzers, several types of which are 
available. 

The profile view of Fig. 4 represents 
the ground surface and buildings along 
the axis of the system. Required pres- 
sures are assumed to have been de- 
termined from consideration of the 
needs and types of development in the 
various areas. In an actual study, sev- 
eral such profiles or sections might be 
prepared. In this example, the con- 
trolling point is indicated to be a hy- 
draulic gradient about 110 ft above the 
ground surface near the center of the 
city. 

The computed hydraulic gradients 
for the maximum hour, the minimum 
hour, and the average rate on a maxi- 
mum day of the design period are rep- 
resented, respectively, by the three 
curves, 4, B, and C, passing through 
the control point (assuming an exact 
fit of pump characteristics to these par- 
ticular quantity and head _ require- 
ments). At the pumping station, the 
elevation of the hydraulic gradient is 
indicated to be about 170 for the static 
condition (Curve D), 180 for the mini- 
mum hour, 200 for the average rate 
and 230 for the maximum hour. With 
direct pumping and without speed var- 
iations or throttling, the hydraulic gra- 
dients at the pumping station and 
throughout the system would at times 


al 
4 
is 
ake 
@é. 
. 
| 


Jour. AWWA 


w 


\ 


nN 
[=] 


~ 
=] 


8 


wo 


Hourly Pumpage —per cent of avg. rate for max. day 


6 9 


12 3 6 
Time PM 


Fig. 3. Variations in Hourly Rate on Maximum Day 


The curves show the hourly pumpage rates (in per cent of average rate) for vari- 


ous times during the maximum day. 


The data were obtained from Washington, 


D.C. Curve A gives the hourly rates for the large central area; Curve B, for the 
intermediate area; curves C and D, for two outlying areas; and Curve E, for the 
entire city. 


be somewhat higher, as indicated by 
curves E, F, G, and H. Throttling at 
pump discharges would result in lower 
distribution pressures under such cir- 
cumstances but would not affect the 
pumping heads. 

Figure 5 shows the same system 
with the addition of an elevated storage 


tank or reservoir not far from the area 
of highest demand. The reservoir is 
assumed to be of sufficient size to per- 
mit constant pumping to the system at 
the average rate required for the 24- 
hour period—namely, 100 mgd—with 
flows from the reservoir to the system 
reaching a maximum rate of about 30 
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mgd during the maximum hour and 
with flows from the system to the reser- 
voir reaching a maximum rate of about 
45 mgd during the minimum hour, 
based on the hourly variations shown in 
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arithmetically by 
hourly flows. 


The quantity takeoffs in Fig. 5 are 


tabulation of the 


the same as those in Fig. 4. 


tem quantities are the same to the 
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Fig. 4. Hydraulic Representation of Distribution System Without Storage 


The various hydraulic gradients shown on the profile are: A, maximum hour; B, | 
minimum hour; C, average rate on maximum day; D, static condition; E, F, G, and 
The quantities shown in the plan are ex-— 
pressed in million gallons per day. 


H, higher gradients sometimes existing. 


Fig. 3. The usable volume in the reser- 
voir, in this example, would have to be 
slightly over 10 mil gal, as determined 
graphically from a mass diagram or 


right of the reservoir, but are substan- 


tially different between the pumping 


station and the reservoir. 


Hydraulic 


gradients through the system are not 
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Profile and Hydraulic Gradients 
Fig. 5. Distribution System With Storage 


The plan is the same as in Fig. 4, but a storage tank is assumed to permit constant 


pumping at 100 mgd. 


hour; B, minimum hour; and C, average rate on maximum day. 


The hydraulic gradients shown on the profile are: A, maximum 


The quantities 


shown in the plan are expressed in million gallons per day. 


much different, except that the abnor- 
mally high pressures incident to con- 
stant-speed or unthrottled direct pump- 
ing do not occur. The hydraulic gradi- 
ents vary only with the water surface 
elevation in the reservoir and with 
rates of flow. On the maximum day 
assumed, the gradients vary at the 
pumping station within a relatively nar- 


row range, from approximately ele- 
vation 200 to approximately elevation 
220. If the reservoir were located far- 
ther to the right on the system, away 
from the pumping station, the head 
variation would be greater. 
Distribution system hydraulic com- 
putations are frequently complicated by 
the need for considering programs for 
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construction of extensions and relief 
mains. 

The head at which a pump operates 
is commonly understood to be the dif- 
ference between the energy gradients at 
the pump discharge and suction open- 
ings, obtained by adding the velocity 
heads to the respective hydraulic gra- 
dients. 

For a given pumping condition, the 
head will be the difference between the 
hydraulic gradient leaving the station 
and the water surface elevation in the 
suction reservoir, plus the suction losses 
and the discharge piping losses within 
the station, with proper account being 
taken of suction and discharge velocity 


heads. The station losses are likely to 
occur principally in the individual 
pump suction and discharge connec- 


tions and, accordingly, may not be 
much affected by the total station dis 
charge. In a large installation, it may 
be worth while to make careful analy- 
ses of the station losses for different 
operating conditions. Sufficient ac- 
curacy is often obtained, however, by 
roughly estimating these losses under 
normal operating conditions and as- 
suming them to be constant. Station 
losses frequently fall within a range of 
3-5 ft. 

With the completion of the head 
computations, station discharge curves 
may be prepared which show the ap- 
proximate pumping heads under vari- 
ous conditions for the range of desired 
deliveries. Once prepared, these curves 
become the basis of the pump selection 
studies. Figure 6 represents station 
curves applicable to the direct-pumping 
system shown in Fig. 4, the curves cor- 
responding to the minimum hydraulic 
gradients leaving the station which are 
required if adequate distribution sys- 
tem pressures are to be maintained. 
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The upper and lower broken curves 
show the head requirements with low- 
est and highest expected suction water 
levels, with the solid line representing 
normal suction level operation. Addi- 
tional curves would be needed if distri- 
bution system changes within the de- 
sign period were contemplated. 
Vertical lines are placed on the chart 
to indicate pumpage requirements un- 
der various conditions for the full de- 


sign period. In this example, the 
yearly average rates, maximum and 
minimum days, and maximum and 


minimum hourly rates are shown for 
both the beginning and the end of the 
design period. 

Head-discharge and efficiency curves 
for various numbers of pumps in op- 
eration, as shown in Fig. 6, are illustra- 
tive of what may be considered a first 
trial at pump selection, based on five 
pumps designed to operate at best effi- 
ciency at a head of 220 ft, two to be of 
33-mgd and three of 50-mgd capacity 
at the rated head. It is seen that, with 
normal suction level, the maximum re- 
quired rate of pumping can be met with 
one of the larger units out of service. 

In the closed distribution system, the 
flow from the pumping station at any 
moment must equal the total demand of 
the system. Most of the time the 
pumps will operate at heads substan- 
tially higher than would be necessary 
to maintain adequate pressures in the 
system. With the operating procedure 
governed by the minimum satisfactory 
pressure at the control point, one or 
more pumps will continue in operation, 
on a rising demand, until the control 
point pressure. reaches the allowable 
minimum, and at that time the opera- 
tion will be changed to the next higher 
step in the combination. The new 
combination will then be pumping es- 
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Fig. 6. Pump Selection Curves (No Storage) 


The station discharge curves shown are applicable to the system in Fig. 4. 
tion curves are based on combinations of fit 


at a rated head of 220 ft (two units) ; and 


The selec- 
e pumps of two types: A, 33-mgd capacity 
B, 50-mgd capacity at the same rated head 


(three units). 


sentially the same quantity of water, 
but at a higher head. The heavy por- 
tions of the head-discharge curves in 
Fig. 6 indicate the operating range for 
each combination of pumps. The 


heavy portions of the efficiency curves 
apply to the same ranges. 

In the example shown, each step of 
operation requires starting one addi- 
tional pump and _ stopping another. 
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Fig. 7. Pump Selection Curves (With Storage) 


These station discharge curves apply to the system with distribution storage shown 
in Fig. 5. Each pumping unit has a 40-mgd capacity at 200 ft head. 


When this is done, only by careful ma- pumpage is 100 mgd instead of 130 
nipulation of valves can high fluctua- mgd, and the requirements can be met 
tions in system pressure be avoided. by four units, each of 40-mgd capacity 

Figure 7 shows station discharge and at 200 ft head, with one unit out of 
pump selection curves for the system service. The distribution storage has 
with distribution storage shown in Fig. taken over the job of pressure control, 
5. Here the maximum required rate of and the pump operation need be 
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changed only to maintain the tank or 
reservoir water surface within the de- 
sired range of elevation. Operation is 
always at the lowest head needed, is al- 
ways at good efficiency, and does not 
require stopping one pump when an- 
other is started. 

The upper and lower solid station 
discharge curves correspond to the 
maximum rates of filling and emptying 
the distribution storage. The upper 
broken line shows the maximum-head 
condition, with low-suction water level 
and a full distribution reservoir, and 
the lower broken line the minimum- 
head condition, when the situation is 
reversed. 


Conferences With Manufacturers 


The initial pump selection studies, 
which may involve preliminary trials 
of several alternate combinations of 
pumps, using different capacities and 
heads for the maximum-efficiency 
points, may utilize approximate pump 
curves estimated from available curves 
of pumps of similar requirements. Be- 
fore going beyond the most preliminary 
selection studies, however, and prefer- 
ably about the time the station curves 
have been determined, much can be 
gained by reviewing the requirements 
with perhaps three or four of the in- 
terested manufacturers of pumping 
equipment. As the design studies de- 
velop, further conferences should be ar- 
ranged at which the more detailed re- 
quirements may be gone over, all to the 
end that the equipment specified will 
be practical and economical, that there 
will be unrestricted competition among 
those able to furnish proper equipment, 
and that the completed project will 
perform all desired services at the low- 
est cost. 
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The manufacturers should not, how- 
ever, be asked for a great deal of de- 
tailed information before the pumpage 
requirements and station discharge 
curves have been determined. Also, it 
is not advisable to wait for local sales 
representatives to write the factory for 
information. Direct discussion with 
the engineers and designers at the fac- 
tory is preferable. 


Types of Pumps 


Double-suction, horizontal centrifu- 
gal pumps have, over a period of years, 
become almost traditional for water 
works service and may continue to be 
the best selection for many installations. 
Recently there have been a number of 
important installations using  single- 
suction, vertical-shaft pumps for high- 
service as well as low-service pump- 
ing, the principal advantages being : [1] 
the saving in space and building costs 
and [2] the meeting of the basic con- 
siderations that the pumps should be 
low for best suction conditions and 
that the motors should be high to re- 
duce the danger of flooding. 

There is some difference of opinion 
among water works men and among 
manufacturers on the relative advan- 
tages and disadvantages of horizontal 
and vertical pumps for high-service 
pumping. Apparently efficiencies are 
about as high with one type as with 
the other. Ease of access for inspection 
of parts and for replacements is im- 
portant and should be considered, par- 
ticularly in making a selection between 
different types of vertical units. For 
instance, if close-coupled volute verti- 
cal units provide for lifting the shaft 
and impeller clear of the casing after 
removal of the top head, dismantling 
and reassembly are relatively easy. On 
the other hand, if in order to remove 
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the impeller it is necessary to discon- 
nect the suction piping and the bottom 
head and lower the impeller by means 
of jacks and false work, the procedure 
may be quite laborious. 

If horizontal pumps are used, and if 
liberal drain capacity is not provided 
to carry away by gravity the water that 
might otherwise flood the motors in 
the event of a major break, the pump- 
ing units should be placed in compart- 
ments having watertight walls which 
extend above the maximum water level. 
Similarly, vertical units, if close cou- 
pled, should be placed in compartments 
unless there is no danger of flooding 
the motors. With vertical units and 
extension shafting, the motors can 
readily be placed at an elevation high 
enough to prevent flooding, thereby 
eliminating the need for compartments. 

Examples of high-service stations 
where single-suction, vertical-shaft, 
close-coupled units have been selected, 
primarily on the basis of saving in 
space and resulting overall economy, 
are the new pumping facilities at Ni- 
agara Falls, N.Y., and the remodeled 
Bryant Street Pumping Station in the 
District of Columbia—both now near- 
ing completion—and the proposed new 
Dalecarlia Pumping Station now under 
design for the Washington Aqueduct. 

Selection of the type of impeller may 
usually be left to the pump designer, 
once the required operating character- 
istics have been determined. Centrifu- 
gal- or radial-flow impellers are char- 
acterized by comparatively flat head- 
discharge curves above the maximum- 
efficiency point and are more frequently 
used for high-head applications. The 
horsepower curves for these types are 
low at shutoff and rise as the delivery 
increases. Axial-flow propeller pumps, 
applicable to relatively low heads, have 


shutoff binds, and ‘the horsepower in- 
creases very substantially as the de- 
liveries decrease. Mixed-flow im- | 


pellers, having a combination of radial 


and axial components, cover the wide __ 


intermediate range and can be designed 


to meet a variety of requirements. 
High-speed pumps and motors usu-_ 
ally cost less than low-speed units, but 
relatively low speeds may result in- 
quieter operation, less vibration, and 
longer life. 


The elevation of the pump © 


with respect to the suction water level | 


has an important bearing on the speeds’ 
that can be safely used without en-— 
countering cavitation difficulties. 
though the manufacturers sometimes 
question the need for specifying the 
maximum rotating speeds that are to be 
used, a careful study of the relationship 
between the speed and the danger of 
cavitation may well be carried out as 
part of the pumping station design. 
Specific-speed calculations, including 
suction specific speed, deserve attention 
in any major project. In general, for 
single-suction pumps, suction specific 


ing the danger point, while suction 
specific speeds of 6,000 or below are 
relatively safe. 


tion of rotation may te left up to the: 
manufacturer. This permits the widest — 
competition and may result in substan- 
tial savings in equipment cost. 


Number and Capacity of Units 


In specifying pump sizes, it is best | 


Al- 


to call for the capacity and head at the | 


point of maximum efficiency, even 
though this may not be the point at 


which the pump normally will oper- — 


ate. In order that the pumps will de- 
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liver the required quantities through- 
out the operating range, minimum 
allowable capacities at the highest ex- 
pected operating heads should also be 
specified. Frequently the minimum 
shutoff head is made a part of the 
specifications to avoid too flat a head- 
discharge curve. Some tolerance in 
capacities higher than the minimums 
specified should be permitted, perhaps 
up to 5 or even 10 per cent. 

Where there is a considerable per- 
centage range in heads over the range 
of expected demands, two-speed or 
variable-speed units may be advanta- 
geous, although the first cost will be 
higher than for single-speed units and 
more space will be needed for electrical 
equipment. For variable-speed units, 
efficiencies will be lower and _ heat 
losses greater. 

The operation should be satisfactory, 
without cavitation, throughout the nor- 
mal operating range. This is particu- 
larly important during low-head opera- 
tion when the operation may be at 
points considerably to the right of the 
maximum-efficiency point. 

For some installations, the best pump 
selection will include units of different 
sizes, particularly where there is little 
or no distribution storage and where 
the demands must be followed closely 
by the pump operating steps. Some- 
times the pumps used at the lower-head 
conditions will not be operative at the 
higher-head conditions. If the percent- 
age variation in head is not great, there 
is some advantage in rating all of the 
pumps at the same head and, insofar as 
practicable, using pumps of the same 
size. If relatively small intervals be- 
tween the steps of the various pump 
combinations are needed, the provision 
of two small pumps, each two-thirds 
the capacity of the larger units, will 
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permit operating steps of one-third the 
capacity of the larger units. This is 
the basis on which the pump curves 
shown in Fig. 6 were selected. 
When storage is available on the dis- 
tribution system, the required opera- 
tion can often be met by pumps all of 
the same size and rating. This ar- 
rangement results in economy of pur- 
chase and, because of interchangeability 
of parts, economy of maintenance. 
Every important installation should 
be capable of meeting the pumping re- 
quirements with at least one unit out of 
service. In some plants, two reserve 
units are provided. It is always pos- 
sible that, when one unit has been taken 
out of service intentionally, for repair 
or maintenance work, an unexpected 
outage of another unit will occur, | 


ad 


The manner in which the pumps will 
be operated frequently has a bearing on 
the pump selection. For instance, if 
the pump is to be started against a 
closed discharge valve, the horsepower 
curve should be such that the motor 
will not be overloaded at the shutoff 
point. 

Objectionable surge during normal 
operating procedures may be avoided 
by slow opening and closing of the — 
pump discharge valve when a unit is 
put into service or taken out. When 
power or mechanical failure results in 
sudden stoppage of the pump, objec- 
tionable surge can be avoided only by 
surge suppressors or other relief de- 
vices or by slowly closing the discharge 
valve to permit relief of the surge wave 
back through the pump. During the 
latter procedure, some reverse flow 
through the pump may be expected 
until the valve is closed, together with 
reverse rotation. The speed of the re- 
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verse rotation, even with unrestricted 
supply of water to the pump, will prob- 
ably not exceed approximately 120 per 
cent of the designed forward speed, 
and, if the pumping unit is designed to 
be structurally adequate and properly 
lubricated during reverse rotation at 
such speed, no harm will result. These 
requirements can readily he met by the 
pump manufacturers. 

Because the cost of operating and 
maintenance labor, as well as of repairs 
and replacements, may be different for 
different types of pumps, this factor 
must be considered in deciding on the 
type and arrangement of the equip- 
ment. Ease of access for inspection of 
bearings, wearing rings and impellers, 
requiring a minimum of effort in rou 
tine maintenance, may well justify 
higher first cost. 

Automatic operation of pumping sta- 
tions may sometimes be advisable as 
an economy measure. If the installa- 
tion is relatively complex, there is some 
danger that the saving in operating per- 
sonnel will be more than offset by the 
cost of keeping the automatic controls 
in proper operation. Generally, if op- 
erators are on hand, as is nearly always 
true at a large station, or even at a 
small station built and operated as part 
of a water plant, manual operation has 
many advantages. 

Partial automatic operation, applied, 
for instance, to the sequence of start- 
ing and stopping pumps and opening 
and closing discharge valves, is fre- 
quently desirable even in an attended 
station. 


Arrangement, Piping, and Valves 


Dependability of service is the most 
important objective in suction and dis- 
charge piping arrangements. Next in 
importance is the arrival at the proper 
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balance between head losses and initial 
cost. Provision of somewhat liberal 
sizes for the main suction and discharge 
piping and headers is desirable, to per- 
mit future installation of larger pumps 
if necessary. 

Within reasonable limits, it is per- 
missible to specify the diameters of the 
suction and discharge openings, in or- 
der to avoid the necessity for difficult 
adjustments and changes in the ad- 
jacent piping and valves to fit the 
pumps purchased. For example, if a 
valve of the rotating-plug type is to be 
placed close to the pump on the dis- 
charge side, and if a 24-in. diameter is 
sufficient and proper, the diameter of 
the discharge nozzle should be so speci- 
fied. Otherwise, the successful bidder 
on the pump contract may furnish an 
odd size, such as 26 in., or an unduly 
large size, perhaps 30 in., for the dis- 
charge nozzle. The cost of using a spe- 
cial or larger-size discharge valve may 
be substantial. 

The station dimensions should be 
based on the use of pumps known to be 
obtainable from a number of manufac- 
turers, and the specifications should re- 
quire that any pumps offered be of such 
dimensions that they will fit the space 
available. 

Foundation and anchorage require- 
ments should be worked out at the time 
the general type of pumps and number 
and sizes of units are determined, and 
pertinent information on these items 
should be given the pump manufac- 
turers before bids are received. 

Suction valves are usually needed to 
permit work on the pumps. If suction 
piping is used, the valve should be 
placed far enough from the pump to 
avoid objectionable disturbance of the 
flow entering the pump. If the valve 
must be close to the pump, it should be 
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TABLE 


Sample Estimate of Power Requirements* 


6 


9 10 11 12 13 


Col. 1X 
Col. § 


TeXkwe | Texkwe | CQl + 


kr 


1,000 kwhr /yr 


68,300 
273,000 
273,000 

68,300 


42,000 
193,000 
213,000 

62,200 


68,300 
273,000 
273,000 

68,300 


1960-64 


26,300 
80,000 
60,000 

6,100 


49,000 
220,000 
252,000 

72,700 


68,300 
273,000 
273,000 

90,000 


52,600 
238,000 
273,000 

78,000 


16,860 


* Assuming 4 pumping units, each 40-mgd capacity at 200-ft head: 
1 unit operating-—44 mgd at 190 ft, 83 per cent efficiency, 1,730 hp = 1,290 kw 


2 units operating 
3 units operating 


78 med at 202 ft, 85 per cent efficiency, 3,250 hp = 2,420 kw 
103 mgd at 214 ft, 84 per cent efficiency, 4,590 hp = 3,420 kw 
~rate of pump delivery next lower than average. 


rate of pump delivery next higher than average. 
figure in Column 8 divided by figure in Column 7. 


-figure in Column 1 minus figure in Column 9, 


of a type that will cause little disturb- 
ance. Butterfly valves have been used 
successfully for such installations. If 
the pump suction takes water directly 
from a suction well, the shutoff provi- 
sion may be in the form of a sluice gate 
or even stop logs used with a suitably 
compartmented well. If the pump is of 


a type that can be removed entirely for 
servicing, as is true of deep well tur- 
bine pumps or the pullout type of verti- 
cal propeller pumps, shutoff provisions 
may not be necessary. 

In any event, the arrangement and 
hydraulic characteristics of the suction 
piping, conduits, or wells will affect the 


1 2 3 4 5 | | 7 8 ee 
Ti Avg. | 
rime Col. 1 Oat | Oot Oo | Tah 
hr/yr Col. 2 | mgd | mgd | | med Col. 3 hr 
1955-59 
876 | 4 1 78 34 | 773] 103 997 250 1,247 
3,504 | 5 1 78 34 2,360 | 1,144] 3,040 2,780 5,820 
7 3,504 | 6 1 78 34 1,770 | 1,734] 2,280 4,200 6,480 
876 | 7 78 34 696 233 1,690 1,923 
8,760 | |3.077| «580 | 8020 | 
- 
876} 52 45,500 | 44 78 34 23,200 | 683| 193 880 470 1,350 
i 3,504 | 59 | 207,000} 44 78 34 66,000 | 1,940} 1,564] 2,500 3,800 6,300 
sos 3,504 | 67 | 235,000} 44 78 34 38,000 | 1,120 | 2,384] 1,440 5,780 7,220 
; 876 | 77 67,400 | 44 78 34 900 26| 850 35 2,060 2,095 
4 8,760 3,769 | 4,991! 4,855 | 12,110 | 16,965 
1965-69 
876 | 5 78 | 68,300 34 19,300 | 570] 306 735 740 1,475 
3,504 | 6 78 | 273,000 34 53,000 | 1,560] 1,944] 2,010 4,720 6,730 
3,504 | 7 78 | 273,000 34 21,000 | 620 | 2,884 800 7,000 7,800 
876 | 8 103 | 90,000 25 17,300 | 690} 186] 1,670 635 2,305 
8,760 3,440 | 5,320] 5,215 13,095 18,310 
| | | | | | | | 
1970-74 
. | | | 
876 | 6 78 34 15,700 | 462] 414 595 1,000 1,595 
: 3,504 | 6 78 34 35,000 | 1,030 | 2,474] 1,325 6,000 7,325 
3,504 | 7 78 34 0 0 | 3,504 0 8,500 8,500 
876 | 8 103 25 12,000 | 480} 396] 1,160 1,360 2,520 
8.760 3.08 mmm | 19,910 
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operation of the pumps and, accord- 
ingly, should be reviewed with the in- 
terested manufacturers before the pump 
selection is made. Such data should 
also be shown on the drawings that ac- 
company the pump purchase specifica- 
tions. 


Motors 

Determination of the most advan- 
tageous types of motors and the voltage 
at which they will operate is an im- 
portant part of the pump selection 
studies. In this matter, too, much can 
be gained by conferring with the manu- 
facturers of the equipment. The local 
power utility should also be consulted. 
At large installations, the motors may 
be designed for operation at relatively 
high voltage. 

For large motors in which heat losses 
would cause undesirably high room 
temperatures, water-cooling facilities 
may be provided as part of the motor, 
utilizing water from the discharge side 
of the pump which is wasted after pas- 
sage through the cooling coils. 

When synchronous motors are used 
with a group of pumps, direct-con- 
nected exciters may be installed on the 
individual motors, or excitation may be 
provided by separate equipment op- 
erating through an_ excitation bus. 
There are advantages and disadvan- 
tages in each arrangement. Individual 
motor excitation has been selected in a 
number of stations to avoid the danger 
of all the units going out at once be- 
cause of failure of the excitation equip- 
ment. 


Efficiencies 

For all but the smallest installations, 
overall efficiencies should be about as 
high as possible, and every reasonable 
effort should be made to insure that 
initially high efficiencies will not fall off 
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after a short operating period. Pre- 
mium efficiency motors are frequently 
worth their additional cost and should 
be given full consideration. 


100 T 
80 


1970-74 
aa Avg. 73 mgd 


40 


+ 
72 


1965-69 
Avg. 68 med 


| 


Pumpage Rate - mgd 


40% 


Pumpage Rate Duration 


Fig. 8. Duration Curves for Pumpage 7 
Rates 


These curves indicate the percentage of 
time a given pumpage rate will occur in 
each 5-year period from 1955 to 1974. 
The horizontal axis is divided into 10 per 
cent intervals. For each curve, average 
pumpage rates are shown for the high 
and low 10 per cent periods and for the 
two intermediate 40 per cent periods. 


> 
20 
100 
4+ 
100 
1955-59 
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TABLE 2 
Sample Estimate of Efficiency Value 


Power Requirements (85% Max. Efficiency) 


Max. Demand 


Estd. Avg. Power 
Requirements 
why /yr 


Period High Months Low Months 


1955-59 
1960-64 
1965-69 
1970-74 


15,470,000 
16,965,000 
18,310,000 
19,940,000 


kw 


kw 


3,420 
3,420 
3,420 
3,420 


2,420 
2,420 
2,420 
2,420 


Estd. Annual Power Cost (85% Max. Efficiency) 


— Demand Charge ($1 month kw) Total Power 


Period 


($0,007 /kwhr) 
yr 


1955-59 
1960-64 
1965-69 
1970-74 


108,000 


High Months 


3,500 
10,200 
17,100 


Low Months 
$ 


26,500 
21,800 
16,900 
12,000 


Total 
$ 


30,000 
32,000 
34,000 
36,000 


Cost $/yr 


138,000 
150,000 
162,000 
175,000 


24,000 


Estd. Increase in Power Costs for Lower Max. Efficiency 


Period 


Cost Increase 


No. of Years 


84% Max. Efficiency 


83% Max. Efficiency 


1970-74 


1955-74 


5-yr Period 
$ 
8,200 
8,950 
9,650 
10,400 


37,200 


5-yr Period 
$ 


16,600 
18,050 
19,500 
21,100 


75,250 


Estd. value of 1 point of max. efficiency, averaged for 
entire group of pumping units, is approximately $37,000 


Sample Acceptance Test Results 


Pumping Unit 


Max. Efficiency 
% 


84.9 
83.7 
84.8 
84.6 
84.5 


Reduction in price of equipment: 


0.5 X $37,000 


= $18,500 


1 
3 
5 7 
5 
118,000 
128,000 
139,000 | 
$/ 
1955-59 5 1,640 3,320 
| : 1960-64 5 1,790 3,610 
5 1,930 3,900 
— 
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No uniformly satisfactory method of 


power requirements in this example in- _ 
evaluation of efficiencies in connection 


clude estimates of the maximum de- | 


with the purchase of pumping equip- 
ment has been worked out. Without 
question, high efficiencies are worth 
money to the purchaser and low effi- 
ciencies are costly. 

To arrive at the value of efficiency 
for a group of pumping units, an analy- 
sis may be made of the probable num- 
ber of hours of operation of various 
units in the group over a period of 
years; the probable cost of power at a 
given efficiency can then be estimated. 
Figure 8 shows one method of arriv- 
ing at an approximation of the pump 
operating times. For each of four 5- 
year periods, a curve is plotted indicat- 
ing the percentage of time a given 
pumpage rate will occur. Approximate 
average pumping rates are shown for 
the high and low 10 per cent periods 
and for the two intermediate 40 per 
cent periods. In this example, which 
is related to the quantities and varia- 
tions shown in Fig. 1 and 2, the varia- 
tions between the successive 5-year pe- 
riods are quite regular. Ina particular 


mand in various periods and the esti- 


mated power cost, with energy and de- 
mand charges, all based on an assumed 
85 per cent overall maximum efficiency. 
Two computations of increased cost 
of power by 5-year periods are shown, 
one assuming an efficiency of 84 per 
cent and the other, an efficiency of 83 
per cent. It thus appears that the esti- 
mated value of one point of maximum 
efficiency, for the entire group of pump- 
ing units, is approximately $37,000. 
The 


table also shows the 


way in 
which this valuation may be applied to’ 
If, for 


the results of accetance tests. 
instance, the average overall efficiency 
for the group of pumps is 84.5 per cent 
and the base price of the equipment is 
related to 85 per cent, the reduction in 


price, computed to the nearest one-— 


tenth point of average efficiency, would 
be $18,500. 
Other Considerations 


There are a number of miscellaneous 
items that should be considered in se- 


instance, unequal periods might be se- : 
lected, to fit expected changes in the 
distribution system or other facilities, 
and the increases in pumpage would 
probably not be uniform. 

Using the estimated average pump- 
ages for the various percentages of 
time, as obtained from Fig. 8, compu- 
tations may be made of the approxi- 
mate number of hours per year during 
which different numbers of pumping 
units will operate, and the total use of 
energy per year estimated therefrom. 
An example of this computation is 
shown in Table 1. 

Table 2 shows a way in which the 
power estimates may be used to arrive 
at a value for the efficiency. The 


lecting and specifying pumping equip- 
ment. Among them are: a 
Vibration, It is desirable to place 
some measurable limit on the magni- 
tude of vibration that will be acceptable. 
Noise. Pumps are ordinarily speci- 
fied to operate quietly, without exces-_ 
sive noise, This is indefinite and some _ 
method by which noise could be meas- _ 
ured would be desirable. Some consid- 
eration should be given to finding a 
workable means of specifying and test- 

ing allowable decibel noise levels. 
Bearings. The number, type, de- | 
sign, and method of lubrication of <i 


=) 


ings should all receive attention and be 
covered by the specifications. 


¥ 


AG 
. 


and seals. 
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Wearing rings. Generally speak- 
ing, wearing ring clearances should be 
sufficient to permit operation without 
rubbing and to avoid rapid dropoff of 
efficiency after a short period of op- 
eration. 

Seals and packing. ‘The desires of 
those responsible for operation and 
maintenance should be given full con- 
sideration in the matter of design, ac- 
cessibility, and materials used for pack- 


Assembling and dismantling. The 


arrangement, design, and assembly of 


adequate supply of replacement parts 


parts should be such that necessary dis- 
mantling and reassembly for inspec- 
tion and maintenance operations may 
be performed with a minimum of in- 


convenience. 


‘ 


— equipment, together with any special 


Replacement parts. A_ reasonably 


should be furnished with the pumping 


tools that are necessary or particularly 
useful in working on the equipment. 


turers pre 


: 


Testing 

If shop testing facilities are adequate, 
acceptance tests can usually be better 
made at the manufacturer’s plant than 
in the field after installation. The de- 
cision on the location of the acceptance 
tests should be made after conferences 
with the various interested manufac- 
turers. 

Insofar as practicable, the manufac- 
fer that test procedures rec- 


ommended by the Hydraulic Institute 


be followed. 


If, however, the accept.- 
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ance tests are to be made in the field, it 
is sometimes not possible to follow 
these procedures in all respects. In 
any event, it is desirable to describe in 
some detail in the specifications the 
exact way in which the equipment is to 
be tested for acceptance. 


Conclusion 


Proper selection must be 
based on: 

1. Thorough analysis of the rates at 
which water is to be pumped. 

2. Determination of heads through- 
out the range of operating conditions. 

3. Information from manufacturers 
on the types, sizes, and characteristics 
of equipment that can be furnished. 

4. Consideration of the desires and 
preferences of the operating personnel. 

5. Determination of the best type of 
equipment for the job. 

6. Determination of the proper num- 
ber of units and their hydraulic char- 
acteristics. 

In addition, to be sure that the equip- 
ment furnished will be satisfactory, 
such features of the design and manu- 
facture of the units as speed, bearings, 
lubrication, ease of maintenance, and 
other details, together with the testing 
operations and procedures, should be 
investigated and specified. 

Thorough and competent studies on 
the selection of pumping equipment will 
result in adequate installations that 
meet all operating requirements with 
the fewest difficulties and at the lowest 
cost. 
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SEC. 

Talbot Strip Tests 6-Al 
Ring Tests 

Table 6.1—Standard Dimensions of Bells, 


Sockets and Outside Diameters—and 
Weights of Bells—of Pipe Centrifugally 
is. Cast in Metal Molds. 
Table 6.2—Standard Thicknesses, Diameters 
and Weights of Pipe Centrifugally Cast 
in Metal Molds. 


Table 6.3—Standard Thicknesses and Weights 

of Pipe Centrifugally Cast in Metal 

Molds (Classes 50-350, laid without 

blocks, on flat-bottom trench, with 
oi tamped backfill, under 5 ft of cover). 


Tables—pp. 199-206 = 


Full-Length Bursting Tests 
Deflection Measurements ............ 6-A4 
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Table 6.4—Standard Thicknesses of Pipe 
Centrifugally Cast in Metal Molds (for 
laying conditions A, B, C and D, pres- 
sures 50-350, and 34, 5 and 8 ft of cover. 


Note 1—Tables showing additional thick- 
nesses required for greater depths of cover 
and other conditions of laying will be found 
in ASA A21.1. 

Note 2—Users of these tables are cau- 
tioned to select fittings having proper socket 
dimensions and thicknesses suited to the 
pressures. Pipe specified in these tables have 
outside diameters which will chamber cor- 
rectly with existing standards for pipe and 
fittings. 


Users of this document should make reference to “American Recommended 
Practice Manual for the Computation of Strength and Thickness of Cast Iron 
Pipe” (ASA A21.1) for complete information concerning the conditions which 


various thicknesses of pipe are designed to meet. 


The foreword of the Manual 


also contains a statement regarding the history of the specifications and refer- 


ences to other related documents. 
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Sec.6-1—Definitions 


Purchaser. Wherever the word 
“purchaser” is used herein, it shall be 
understood to mean the actual pur- 
chaser of the pipe or his authorized 
agents acting within the scope of the 
duties entrusted to them. 

Heat. A heat is a period during 
which a cupola or furnace is operated 
continuously. 

Run. A run is a period of one or 
more shifts during which a shop is op- 
erated continuously. 

Mixture of Iron. Mixture of iron 
is a combination of pig iron, scrap, 
coke and other raw materials charged 
to a cupola or furnace to give a de- 
sired composition of iron; or a com- 
bination of molten iron from one or 
more sources, made in a forehearth or 
ladle to give a desired composition of 
iron. 

Source of Iron. A source of iron 
is a cupola, furnace or forehearth from 
which iron is delivered to a transfer 
or pouring ladle. 

Forehearth. A forehearth is a re- 
fractory-lined receptacle for the tem- 
porary storage of molten iron from one 
or more cupolas or furnaces. 


tak: 
Sec. 6-2—Description of Pipe Abel 
The pipe shall be made with bell 
and spigot ends, plain ends or such 
other type of ends as may be agreed 
upon at the time of purchase. Pipe 
with bell-and-spigot ends shall con- 
form to the dimensions and weights 
shown in the tables given in this doc- 
ument. Pipe with other types of 
ends shall comply with the dimensions 
agreed upon, but in all other respects 
shall fulfill the specifications herein- 
after given. Pipe shall be straight and 
shall be true circles in section, with the 
inner and outer surfaces concentric. 
Pipe shall be cast at least 12 ft in 
nominal laying length. This type of 
pipe is commonly made at present 
(1952) in 12- and 18-ft lengths. 


Sec. 6-~3—Casting of Pipe 


The pipe shall be centrifugally cast 
in metal molds, and after withdrawal 
from the molds pipe shall be heat- 
treated to meet the requirements of 
this specification. 


Sec. 6-4—Quality of Iron 


6-4.1. All pipe shall be made of 
cast iron of good quality, and of such 


; 

| 
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_ character and so adapted in chemical 
composition to the thickness of the 
pipe to be cast, that the iron in the 
pipe shall be strong, tough, resilient, 
of even grain and soft enough for 
satisfactory drilling and cutting, and 
it shall comply with the physical speci- 
fications given in Sec. 6-17 and 6-18. 
The metal shall be remelted in a 
cupola or other suitable furnace. 
6-4.2. The iron in the pipe shall 
not contain more than 0.90 per cent 
of phosphorus nor more than 0.12 per 
cent of sulphur. Samples for chemical 
analyses shall be taken by drilling com- 
pletely through from skin to skin either 
acceptance test specimens or specimens 
cast for this purpose, but not to exceed 
three specimens per heat of approxi- 
mately eight hours. In case of dispute, 
analyses will be determined on samples 
taken from the pipe in question. 


Sec, 6-5—Quality of Castings 


The pipe shall be smooth, free from 
scales, lumps, blisters, sand holes, laps 
and defects of every nature which un- 
fit them for the use for which they are 
intended. No plugging, filling, burn- 
ing-in or welding will be allowed ex- 
cept as permitted by the purchaser. 


Sec. 6-6—Foundry Records 


A record of the results of the fol- 
lowing tests shall be made and re- 
tained for at least one year. Upon 
request such record will be available 
to the purchaser at the foundry. If 
written transcripts of the results of any 
of these tests are desired this fact shall 
be noted in the order for pipe, naming 
the tests of which transcripts are de- 
sired. The methods of testing and the 
dimensions of all test specimens are 
given in the Appendix. 
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6-6.1. Chemical analyses. Chemi- 
cal analyses of each iron mixture used 
directly in the pouring of pipe, ob- 
tained as in Sec. 64.2, shall be made 
for silicon, sulphur, manganese, phos- 
phorus and total carbon during the 
first hour and at intervals not to exceed 
three hours throughout the heat. If 
pipe are poured directly from the cu- 
pola, chemical analyses shall be made 
of iron from the first and from the last 
ladle. If the mixture is changed one 
or more times during a heat in order 
to produce a different iron, the time 
of taking samples shall be varied in 
such a way as to obtain representative 
tests of the iron at least at the begin- 
ning and end of each period during 
which the iron is intended to be con- 
stant in quality. 

6-6.2. Pouring temperatures. The 
pouring temperature of the iron shall 
be taken at the casting ladle for each 
size of pipe at least once each hour. 

6-6.3. Hardness tests. See Sec. 
6-17.2 and Appendix Sec. 6-A1l—Tal- 
bot Strip Tests. 

6-6.4. Talbot strip tests. 
6-17.1. 

6-6.5. Periodic ring, strip and full- 
length bursting tests. See Sec. 6-17 
and 6-18. 


Sec. 6-7—-Marking Pipe 


Each pipe shall have the weight and 
class designation conspicuously painted 
on it. In addition, each _bell-and- 
spigot pipe shall have distinctly cast or 
stamped on the face of the bell the 
manufacturer’s mark and the year in 
which the pipe was cast. When speci- 
fied by the purchaser, the manufac- 
turer’s mark, the year in which the 
pipe was cast and initials not exceeding 
four in number shall be, distinctly cast 
on the face of the bell. The size of 


See Sec. 
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letters and figures is to be as large as 
practicable. Pipe with ends other than 
bell and spigot are to be marked as 
agreed upon at the time of purchase. 


Sec. 6-8—Inspection by Purchaser 


6-8.1. Power of purchaser to in- 
spect. The purchaser shall have free 
access at all times to all parts of any 
manufacturing plant which concern the 
manufacture of articles to be made for 
him. He may inspect the material, 
pattern work, molding, casting, heat- 
treating, coating and lining of the pipe. 
The forms, sizes, uniformity and con- 
ditions of all pipe herein referred to 
shall be subject to his inspection and 
approval, and he may reject, without 
subjection to hydrostatic test, any pipe 
which is not in conformity with the 
specifications or drawings. Any pipe 
rejected shall be so marked and any 
marks pertaining to the purchaser shall 
be chipped or erased from such pipe. 

6-8.2. Manufacturer to furnish men 
and materials. The manufacturer shall 
provide tools, testing equipment, mate- 
rials, labor and facilities necessary for 
the required testing, inspection and 
weighing of the pipe at the foundry. 

6-8.3. Report of purchaser's inspec- 
tion. The purchaser shall make writ- 
ten report daily to the foundry office 
of all pipe rejected with the causes for 
rejection. 


Sec. 6-9—Inspection and Certifica- 
tion by Manufacturer 


Should the purchaser have no in- 
spector at the works, the manufacturer 
shall, if required by the purchaser, fur- 
nish a sworn statement that the inspec- 
tion and all of the tests have been made 
and met as specified. If written tran- 
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scripts of any of these test results are 
required, including chemical tests if 
desired, a request specifying the tests 
of which transcripts are desired shall 
accompany the order. 


Sec. 6-10—Pipe to Be 
Sound 


All the pipe shall be delivered in all 
respects sound and in conformity with 
these specifications. The inspection q 
shall not relieve the manufacturer of — 
any of his obligations in this respect, 
and any defective pipe which may have 
passed the purchaser at the works or 
elsewhere shall be at all times liable to 
rejection when discovered, until the 
final completion and adjustment of the 
contract; provided, however, that the 
manufacturer shall not be held liable 
for pipe found to be damaged after they 
have been accepted at the agreed point 
of delivery, unless there shall be un- 
mistakable evidence that the casting 
was originally defective or damaged 
before acceptance. Care shall be taken 
in handling the pipe not to injure the 
coating or lining, and no pipe or other 
material of any kind shall be placed in 
the pipe during transportation or at 
any other time after they have received 
the coating or lining. 


Sec. 6-11—Cut Pipe 


Defective spigot ends on pipe may 
be cut off in a manner which will pro-— 
duce a square end. Not more than 10 — 
per cent of the total number of pipe 
of each size of a given order may be 
shipped as cut pipe. Such cut pipe — 
when cut from 12-ft lengths shall have 
a nominal laying length of not less — 
than 11 ft; pipe originally of 16-ft or 
greater length shall not be cut more © 
than 2 ft. 


t 
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Sec. 6-12—Tolerances or Maximum 
Permitted Variations 


6-12.1. Pipe and socket diameters. 
Outside diameters of pipe barrels and 
spigot ends, and inside diameters of 
sockets, shall be kept as nearly as 
practicable to the specified dimensions. 
The inside diameters of the sockets 
and the outside diameters of the spigot 
ends shall be tested with circular gages. 
Tolerances or maximum permitted var- 
iations from standard dimensions are 


listed below: 
Nom. Tolerances 
in. 


6-122. Thickness. The minus tol- 
erances from standard thickness of pipe 
and dimensions a, b, c and d of the 
bell are as follows: 


Nom. Pipe Diam. Minus Tolerance 


Note: In pipe barrel thickness, tol- 
erances 0.02 in. greater than those 
listed above shall be permissible over 
areas not exceeding 8 in. in length in 
any direction. 

6-12.3. Weight. The weight of no 
single pipe shall be less than the nomi- 
nal tabulated weight by more than 5 
per cent for pipe 12 in. or smaller in 
diameter, nor by more than 4 per cent 
for pipe larger than 12 in. in diameter. 
The total weight of any order of 25 
tons or more shall not be more than 
2 per cent under the total nominal 
weight. The total excess weight to be 
paid for on orders of 25 tons or more 
shall not exceed 2 per cent of the 
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nominal weight and on orders of less 
than 25 tons shall not exceed 5 per 
cent of the nominal weight. An order 
is hereby defined as including all the 
pipe ordered under the terms of a spe- 
cific contract or purchase order or a 
single order placed under the terms 
of a standing contract. Unless other- 
wise specified in the contract, a ton 
shall be 2,000 Ib avoirdupois. 


Sec. 6-13—Cleaning and Inspecting 


All pipe shall have fins and other 
roughnesses chipped or ground off and 
shall be thoroughly cleaned, checked as 
to dimensions and also subjected to a 
careful inspection and a rolling test, 
before being coated or lined. 


Sec. 6-14—Hydrostatic Test 


Each pipe shall be subjected to a 
hydrostatic proof test. This test may 
be made either before or after a hot 
or cold bituminous dip or paint has 
been applied but shall be made before 
the cement mortar lining or any other 
special lining has been applied to pipe 
for which such lining is specified. 

The pipe shall be under the test 
pressure for at least one-half minute. 
Any pipe showing defects by leaking, 
sweating or otherwise shall be re- 
jected. The test pressures shall be in 
accordance with the table appearing on 
page 195. 


Sec. 6-15—Weighing 


Each length of pipe shall be weighed 
and the weight plainly marked on the 
outside or inside of the bell or spigot 
end. Pipe shall be weighed before the 
application of any lining or coating 
other than hot or cold bituminous dip 
or paint. 
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Table of Hydrostatic Test Pressures 

Nom. Pipe Nom. Barrel Test 
Diam. Thickness Pressure 

in. pst 

all thicknesses 500 


0.57 and less 
0.58 and over 


0.60 and less 
0.61 and over 


0.65 and less 
0.66 and over 500 
400 
500 


0.70 and less 
0.71 and over 


400 
500 


0.75 and less 
0.76 and over 


Sec. 6-16—Linings 
Coatings 


and Exterior 


Any particular lining or coating 
which is to be applied to the pipe shall 
be specified in the agreement made at 
the time of purchase. Separate speci- 
fications for cement-mortar lining 
(ASA A21.4, also known as AWWA 
C104) have been provided in connec- 
tion with specifications for pipe. 

No pipe for water works service 
shall be furnished without protective 
coating unless specifically ordered by 
the purchaser. 


Sec. 6-17—Acceptance Tests for 
Physical Properties 


The standard acceptance tests for 
the physical characteristics of the pipe 
shall be as follows: 


Sec. 6-17.1—Talbot Strip Tests 


Talbot strip tests shall be used to 
determine the acceptability of 3-in. to 
24-in. pipe for modulus of rupture and 
secant modulus of elasticity. 

17.1.1. Sampling. For sampling, 
every run shall be divided into periods 
of approximately three hours each, and 
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at least one sample shall be taken dur- 
ing each three-hour period. The sam-. 
ple for the first period of the run shall — 
be taken during the first hour or, if 

casting is direct from the cupola, from 

the first ladle. Samples shall be taken 

so that each size of pipe cast for two 

hours or longer during the run and 

each mixture or source of iron used for 
two hours or longer during the run 
shall be fairly represented. 

17.1.2. Method of testing. The 
method of testing Talbot strips is 
given in Sec. 6-Al of the Appendix. 

17.1.3. Acceptance values. The 
acceptance values for tests on Talbot 
strips from 3-in. to 24-in. pipe shall. 
be as follows: 


Modulus of rupture: 40,000 psi mini- 
mum 
Secant modulus of elasticity: 12,000,- 
000 psi, maximum 


If the modulus of elasticity exceeds 
12,000,000, the modulus of rupture. 
shall exceed 40,000 in at least the same 
proportion. 


Sec. 6—-17.2—Hardness Tests 


On the outside of each pipe a hard- 
ness determination shall be made with 
a portable instrument. The Rockwell 
hardness number or its equivalent shall 
not exceed B-95, using a ball having a 
diameter of 1.59 mm (,'y in.) and a 
weight of 100 kg (220.5 ib). Any. 
harder pipe may be re-heat-treated 
to meet this requirement. For the 
purpose of the foundry records (Sec. 


6-6.3), hardness tests shall be made — 


also on Talbot strips as noted in the | 
Appendix under “Talbot Strip Tests? 


—viz., a Rockwell hardness test at 
three well distributed points each on 
the outside of the pipe and on one 
machined face shall be made and re 
corded. 


400 
5 
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Sec. 6-18—Periodic Ring Tests and 
Full-Length Bursting Tests 


The manufacturer shall periodically 
make such bursting tests and ring tests 
in conjunction with strip tests that he 
can certify the design values of the 
modulus of rupture (40,000 psi) and 
the tensile strength of the iron in the 
pipe (18,000 psi). These tests shall 
be made in accordance with dimensions 
and methods given in the Appendix. 

Pipe for these periodic ring and 
bursting tests shall be so selected that 
they will be representative of the sizes 
and various thicknesses of each size 
cast. Ring tests shall not be made on 
3-in. and 4-in. pipe. 

Tests of Talbot strips cut from the 
ring and hardness tests as provided in 
the Appendix shall be made in con- 
junction with ring and bursting tests. 
At least three Talbot strips shall be 
tested from each burst pipe and one of 
these strips shall come from the ring. 
For pipe for which rings less than 10} 
in. long are used, the Talbot strip shall 
come from parts other than the ring. 

Tests and records shall include the 
modulus of rupture of each strip and 
ring, the modulus of elasticity of each 
strip and of each ring 12 in. and larger, 
and a hardness test on all strips. 

At the purchaser’s request, the man- 
ufacturer shall furnish a written tran- 
script of ring and bursting tests and 
tests on Talbot strips made in connec- 
tion therewith for a period not ex- 
ceeding one year and for such sizes 
as requested. 


Sec. 6-19—Additional Tests 
quired by Purchaser 


Re- 


If more or other tests than those 
provided in these specifications are re- 
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quired by the purchaser, such tests 
shall be specified in the invitation for 
bids. 


Sec. 6-20—Defective Specimens and 
Retests 


If any test specimen shows defective 
machining or lack of continuity of 
metal, it may be discarded and re- 
placed by another specimen. If any 
sound test specimen fails to meet the 
specified requirements, the purchaser 
may permit a retest on two additional 
sound specimens from pipe cast in the 
same period as the specimen which 
failed; both of the additional speci- 
mens shall meet the prescribed tests 
to be acceptable. ‘2 

A 


If any routine chemical analysis fails 
to meet the chemical requirements of 
Sec. 64.2, or if any acceptance test 
fails to meet the requirements of Sec. 
6-17.1.3, 6-17.2 and 6~20, the pipe cast 
in the period shall be rejected except 


as subject to the provisions of Sec. 
6-22. 


Sec. 6-21—Rejection of Pipe 


Sec. 6-22—Limiting Rejection 


The manufacturer may limit the 
amount of rejection by making similar 
additional tests of pipe of the same 
size as that rejected until the rejected 
lot is bracketed in order of manufac- 
ture by two acceptable tests. If a 
period is rejected, the acceptability of 
pipe of different sizes from that re- 
jected may be established by making 
the routine acceptance tests for these 
sizes. 


ine 
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Sec. 6-Al—Talbot Strip Tests 


Talbot strips (Fig. 6.1) shall be ma- 
chined longitudinally from each pipe 
specimen selected for testing by this 
method. These Talbot strips may be 
cut from a part of the ring little stressed 
in the ring test—i.e., near one of the 
elements marked a in the illustration of 
the ring test (Fig. 6.2). The strips in 
any case will be in cross section as in- 
dicated in Fig. 6.1—i.e., will have for 
their width the thickness of the pipe 
and for their depth 0.50 in. Their 
length shall be at least 10} in. These 
strips shall be tested as beams on sup- 
ports 10 in. apart with loads applied 
perpendicularly to the machined faces 
at two points 34 in. from the supports. 
The breaking load and the deflection 
shall be observed and recorded. For 


Pipe 
Thickness 
j 


50-in. 
Depth 


Fic. 6.1. Position From Which Talbot Strip 


s Cut 


purposes of Sec. 6-6.3—-Foundry Rec- 
ords, a Rockwell hardness test at three 
well distributed points each on the out- 
side of the pipe and on one machined 
face shall be made and recorded. 

The strip shall be accurately cali- 
pered at the point of rupture and the 
modulus of rupture, R, shall be calcu- 
lated by the usual beam formula, which 
for this case reduces to the expression : 


10W 
td? 
The secant modulus of elasticity, E,, 


in pounds per square inch, shall be 
computed by the formula: 
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In the above formulas, R is the modu- 
lus of rupture (psi), FE, is the secant 
modulus of elasticity (psi), W is the 
breaking load (lb), d is the depth 
(in.) of the strip (intended to be 0.50 
in.), ¢ is the width (in.) of the strip 
(pipe thickness) and y is the deflection 
(in.) of the strip at the center at 


Sec.6-A2—Ring Tests = 


The maximum length of any ring 
shall not exceed 12 in.; for pipe 14 in. 
and larger, the minimum length shall 
be 104 in.; for pipe 12 in. and smaller, 
the minimum length shall be one-half 
the nominal diameter of the pipe. Each 


ring shall be tested by the three-edge 


Side Elevation End Elevation 


Fic. 6.2. Assembly for Ring Test 


bearing method as indicated in Fig. 6.2. 
The lower bearing for the ring shall 
consist of two strips with vertical sides 
having their interior top corners 
rounded to a radius of approximately 
4 in. The strips shall be of hard wood 
or of metal. If of metal, a piece of 
fabric or leather approximately '; in. 
thick shall be laid over them. They 
shall be straight and shall be securely 
fastened to a rigid block with their 
interior vertical faces the following 
distances apart: 

a Nom. Pipe Bearing Strip 

— Spacing 


v 
= 
) 50-in. Radius 
5 
| 
21.3 
dy 
- 
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The upper bearing shall be an oak 
block, straight and true from end to 
end. The upper and lower bearings 
shall extend the full length of the ring. 
The ring shall be placed symmetrically 
between the two bearings, and the 
center of application of the load shall 
be so placed that the vertical deforma- 
tion at the two ends of the ring shall be 
approximately equal. If the ring is not 
uniform in thickness, it shall be so 
placed that the thick and thin portions 
are near the ends of the horizontal 
diameter. 

A record of the breaking load and 
the vertical deformation of each ring 
tested shall be made. The modulus of 
rupture and modulus of elasticity are 

R = 0.954—— 


computed from the formulas: ty, 
bt? 


0.236R(d + t)? 
bt*y ty 


Wid + 


+t)? 


in which RF is the modulus of rupture 
(psi), W is the breaking load (lb), 
d is the average inside diameter (in.) 
of the ring, ¢ is the average thickness 
(in.) of metal along the line of frac- 
ture, b is the length (in.) of the ring, 
E is the modulus of elasticity (psi) 
and y is the vertical deformation (in. ) 
of the ring at the center. 


Sec, 6-A3—Full-Length Bursting 
Tests 


The bursting tensile strength shall 
be determined by testing full-length 
pipe (less the amount cut off for ring 
and strip test specimens) to destruc- 
tion by hydraulic pressure. Bells may 
be removed to facilitate testing. <A 
suitable means for holding the end 
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thrust shall be used which will not sub- 
ject the pipe to endwise tension or com- 
pression, or other parasitic stresses. 
A calibrated pressure gage shall be 
used for determining the bursting pres- 
sure. This gage shall be connected to 
the interior of the test pipe by a sep- 
arate connection from that which sup- 
plies water for the test. The unit 
tensile strength in bursting shall be 
obtained ‘ns the use of the formula: 
in an S is the bursting tensile 
strength (psi) of the iron, P is the 
internal pressure (psi) at bursting, d 
is the average inside diameter (in.) of 
the pipe and ¢ is the minimum average 
thickness (in.) of the pipe along the 
principal line of break. 

Measurements of thickness shall be 
taken along the principal line of break 
at 1-ft intervals. 

The minimum average thickness 
along the principal line of break shall 
be obtained by averaging the measure- 
ments at the thinnest section at a 
weight of two and at the adjacent sec- 
tions on each side at a weight of one 
each; or, if the thinnest section is at 
the end of the break, by averaging this 
thinnest-section measurement at a 
weight of two and the measurements 
of the adjacent section and the next 
section at a weight of one each. 


Sec. 6-A4—Deflection Measurements 


All deflection measurements  re- 
quired by these specifications shall be 
that of the specimen and shall not in- 
clude any compression of the supports 
or loading blocks, or backlash or dis- 
tortion of oe testing machine. 
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STANDARD DIMENSIONS 


TABLE 6.1 
OF BELLS, SOCKETS AND OUTSIDE DIAMETERS 


AND WEIGHTS OF BELLS—OF PIPE CENTRIFUGALLY CAST IN METAL MOLDS 
i} Dimensions of Bells 
| Pipe Thickness j 
Pipe | Centering 
| Outside Joint | socket Shoulder Weight 
Diam. || Socket | Thick- | b 
| | Diam. ness ? Inside 
| From | To \ L Depth Diam. 
} 
| ul 
in. lo 
1 
3 | 0.32 0.38 3.96 | 4.76 | 0.40 3.30 0.30 4.10 0.88 1.02 0.41 il 
3.30 
8 | O41 0.56 9.05 9.85 0.40 4.38 0.38 9.21 1.13 1.28 0.64 41 
0.41 0.60 9.30 10.10 0.40 | 4.38 0.38 9.46 1.13 1.28 0.64 42 
10 | 0.44 0.60 11.10 11.90 0.40 4.38 0.38 11.28 1.13 1.38 0.69 54 
0.44 0.605 11.40 12.20 0.40 4.38 0.38 11.58 1.13 1.38 0.69 50 
12 0.48 0.65 13.20 || 14.00 0.40 4.38 0.38 13.38 1.13 1.42 0.71 66 
0.48 0.60 13.50 | 14.30 0.40 4.38 0.38 13.68 1.13 1.42 0.71 67 
0.65 0.76 13.50 14.30 0.40 4.38 0.38 13.68 1.13 1.62 0.81 78 
14 1] 0.48 0.69 15.30 16.10 0.40 | 4.50 0.50 15.52 1.25 1.46 0.73 78 
| 0.48 0.64 15.65 16.45 0.40 4.50 0.50 15.87 1.25 1.46 0.73 80 
HI 0.69 0.81 15.65 16.45 0.40 | 4.50 0.50 15.8% 1.25 1.76 0.88 101 
16 | 0.50 0.73 17.40 | 18.40 0.50 4.50 0.50 17.62 1.25 1.54 0.77 96 
0.50 0.68 17.80 || 18.80 0.50 4.50 0.50 18.02 1.25 1.54 0.77 OR 
0.73 0.85 17.80 18.80 0.50 4.50 0.50 18.02 1.25 1.86 0.93 121 
18 0.54 0.79 19.50 20.50 0.50 4.50 0.50 19.72 1.25 1.64 0.82 114 
0.54 0.73 19.92 20.92 0.50 4.50 0.50 20.14 1.25 1.64 0.82 116 
0.79 0.92 19.92 20.92 0.50 4.50 0.50 20.14 1.25 1.98 0.99 145 
20 0.57 0.84 21.60 | 22.60 0.50 4.50 0.50 21.82 4.295 1.74 0.87 133 
0.57 0.78 22.06 | 23.06 0.50 4.50 0.50 22.28 1.25 1.74 0.87 136 
0.84 0.98 22.06 23.06 0.50 4.50 0.50 22.28 1.25 2.10 1.05 171 
24 0.63 0.92 25.80 | 26.80 0.50 | 4.50 0.50 26.02 1.25 1.94 0.97 179 
0.63 0.85 26.32 || 27.32 0.50 | 4.50 | 0.50 26.54 1.25 | 1.94 0.97 182 
0.92 | 1.07 | 26.32 27.32 | 0.50 | 4.50 | 0.50 | 26.54 | 1.25 | 2.36 | 1.18 229 
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TABLE 6.2 


STANDARD THICKNESSES, DIAMETERS AND WEIGHTS OF PIPE 
CENTRIFUGALLY CAST IN METAL MOLDS 


Weight Based on Weight Based on 
12-ft Laying Length/18-ft Laying Length 
| 

eigh 
Per Foot Weight 


Outside Inside 
Nom. Thick- Diam. Diam. 


Diam. ness Per 
in. Class Length* 


Avg. Per Per Avg. Per 
Foott | Length* Foott 


NN eee ee 


585 
630 


aw 
nw 


665 
710 
7605 
825 
880 


cone 


oo 


we 


nin dee 


* Including bell. Calculated weight of pipe rounded off to nearest 5 Ib. 
t Average weight per foot based on calculated weight of pipe before rounding. 


= 
> 
in. lb 
| 
i: “5 4 3 22 0.32 3.96 | 3.32 11.4 11 150 215 | 12.0 > 
: sy 4 23 0.35 3.96 3.26 12.4 11 160 235 13.0 
a _ 24 0.38 3.96 | 3.20 13.3 11 17¢ 250 13.9 
t OR 4 22 0.35 4.80 4.10 15.3 14 206 290 16.1 
23 0.38 4.80 4.04 16.5 14 214 310 17.3 
; re 24 0.41 4.80 3.98 17.6 14 225 330 18.4 
A 25 0.44 4.80 3.92 18.8 14 | (2a 350 19.5 
. » «i 22 0.35 5.00 4.30 16.0 15 208 305 16.9 
ee: 23 0.38 5.00 4.24 17.2 15 226 325 | 18.0 
en 24 0.41 5.00 4.18 18.4 15 235 345 19.2 
25 0.44 5.00 4.12 19.7 15 254 370 | «(20:5 
a eas 6 22 0.38 6.90 6.14 24.3 25 315 400 25.6 
: oe 23 O41 6.90 | 6.08 26.1 25 340 495 27.5 
an 24 0.44 6.90 | 6.02 27.9 25 360 525 29.3 
val : 25 0.48 6.90 5.94 30.2 25 385 570 31.7 
7 ws 22 0.38 7.10 6.34 25.0 26 325 475 26.4 
a 23 O41 7.10 6.28 26.9 26 35 510 28.2 
24 0.44 7.10 6.22 28.7 26 370 30.2 
en 25 0.48 7.10 6.14 31.1 26 400 | 32.5 
26 0.52 7.10 | 6.06 335 | 2% 434 34.9 
| 
22 0.41 9.05 8.23 34.7 41 455 36.9 
23 0.44 9.05 | 8.17 37.1 41 485 39.4 
J van | 24 0.48 9.05 | 8.09 40.3 41 525 42.6 
; “& ae 25 0.52 9.05 8.01 43.5 41 565 45.8 
of a 26 0.56 9.05 7.93 46.6 41 600 48.9 
: ace Fe 22 0.41 9.30 8.48 35.7 a2 470 39.2 685 | 38.0 
7 Pat 23 0.44 9.30 8.42 38.2 42 500 41.7 730 40.5 
tA a 24 0.48 9.30 8.34 41.5 42 540 45.0 790 43.8 
: a 25 0.52 9.30 8.26 44.8 42 580 48.3 850 47.1 
26 0.56 9.30 8.18 48.0 42 620 51 905 50.3 
- 5 27 0.60 9.30 8.10 51.2 42 655 54 965 53.5 
a ato 10 22 0.44 11.10 10.22 46.0 54 605 s 880 49.0 
cin 23 0.48 11.10 10.14 50.0 54 655 955 53.0 
; sa 24 0.52 11.10 10.06 53.9 54 700 025 56.9 
; > i 25 0.56 11.10 9.98 57.9 54 750 095 60.9 
7 cA 26 0.60 11.10 9.90 61.8 54 795 165 64.8 
- oe 22 0.44 11.40 10.52 47.3 56 625 905 | 50.4 
' 7 23 0.48 11.40 10.44 51.4 56 675 980 54.5 
; 7 7 24 0.52 11.40 10.36 55.5 56 720 055 58.6 
ce oe 25 0.56 11.40 10.28 59.5 56 770 125 62.6 
- ; 26 0.60 11.40 10.20 63.5 56 820 200 66.6 
; ; 27 0.65 11.40 10.10 68.5 56 880 290 71.6 
12 22 0.48 13.20 12.24 59.8 66 785 140 63.4 
; .) 23 0.52 13.20 12.16 64.6 66 840 230 68.3 
_— 24 0.56 13.20 12.08 69.4 66 900 315 73.1 
Pe - 25 0.00 13.20 12.00 74.1 66 955 400 77.8 
a A 26 0.65 | 13.20 11.90 | 80.0 66 1025 505 83.7 
| 
22 0.48 13.50 12.54 61.3 67 805 | 66.9 1170 65.4 
23 0.52 13.50 12.46 66.2 67 860 71.8 1260 69.4 
4 ra 24 0.56 13.50 12.38 71.0 67 920 76.6 1345 74 
25 0.60 13.50 | 12.30 75.9 67 980 81.5 | 1435 79 
. ; 3) 26 0.65 13.50 12.20 81.9 78 1060 88.4 1550 8 
eins 6 27 0.70 13.50 12.10 87.8 78 1130 94.3 1660 
ee 7 28 0.76 13.50 11.98 94.9 78 1215 | 101.4 1785 
ee 21 0.48 15.30 | 14.34 69.7 78 915 | 76.2 1335 
Pal 22 0.51 15.30 14.28 73.9 78 905 80.4 1410 : 
; wis, até 23 0.55 15.30 14.20 79.5 78 1030 86.0 1510 : 
ew 24 0.59 15.30 14.12 85.1 78 1100 91.6 1610 
, naa 25 0.64 15.30 14.02 92.0 78 1180 98.5 1735 % 
26 30 13.92 98.8 1 5.3 1855 103.1 
> 
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TABLE 6.2 (contd.) 


STANDARD THICKNESSES, DIAMETERS AND WEIGHTS OF PIPE 
CENTRIFUGALLY CAST IN METAL MOLDS 


Weight Based on Weight Based on 
B 1 12-it Laying Length 18-ft Laying Length 
Thick- | Outside | Inside | with, | _ Bell | 
Nom. ness Diam. | Diam. | pes foot | Weight 
Diam. Per | Avg. Per Per Avg. Pe 

in. Length* Foott Length* Foott 


14.69 
14.63 
14.55 
14.47 
14.37 
14.27 
14.15 
14.03 


16.40 
16.32 
16.24 
16.14 
16.04 
15.94 


16.80 
16.72 
16.64 
16.54 
16.44 
16.34 
16.22 
16.10 


vee 


19.50 18.42 1920 
19.50 18.34 2050 
19.50 18.24 5 § 2210 
19.50 18.14 5. 34. 2370 
19.50 18.04 34.. 725 3. 2530 
19.50 17.92 ‘ SS 54. 2720 


19.92 18.84 J d , 1965 
19.92 18.76 3: J 2095 
19.92 18.66 54: . 2260 
19.92 18.56 55 37. 2425 
19.92 18.46 37.. 765 J 2585 
19.92 18.34 ° 2 2810 
19.92 18.22 58. $ 20! 71. 3005 
19.92 18.08 a : 3. 3230 


21.60 20.46 54: 2250 
21.60 20.36 of 3. . 38. 2430 
20.26 3: : J 26010 
20.16 ‘ 33 58.5 2785 
20.04 59. 33 2045 3000 
19.92 3. J 3210 


20.92 575 $1. 2300 
20.82 30.. 7 2480 
20.72 Si. 20605 
20.02 50. 2845 
20.38 7 3315 
20.24 3! d 3570 
20.10 od 7 J 3815 


2975 
3190 
3410 
3065 
3920 
4220 


3035 
3200 
3480 
3740 
4000 
d 248. 4350 
32 229 A 4995 


* Including bell. Calculated weight of pipe rounded off to nearest 5 lb. _ 
Tt Average weight per foot based on calculated weight of pipe before rounding. 


Ares 
14 21 0.48 15.65 80 o3s | 781 | 1305 | 75.8 
22 0.51 15.65 80 990 | 82.4 | 1445 | 80.2 i 
23 0.55 15.65 80 1055 88.1 1545 85.8 
24 0.59 15.65 80 1125 | 93.8 1650 | 91.6 
25 0.64 15.65 | 80 1210 | 100.9 1775 98.7 ee ad 
26 0.69 15.65 101 1315 | 1096 | 4925 | 106.9 eG ae 
27 0.75 15.65 101 1415 117.9 2070 115.1 ns 
28 0.81 15.65 101 1515 126.2 2220 123.4 ee 
16 21 0.50 96 1090 90.8 1s85 88.1 
22 0.54 96 1165 97.2 1700 | 94 5 etme Fe 
23 0.58 96 1245 103.6 1815 100.9 2 ae 
24 0.63 96 1340 111.6 1960 109.0 BNE yo 
25 0.68 96 1435 119.4 2100 116.8 eae 
26 0.73 96 1530 127.3 2245 | 124.8 a | ae 
21 0.50 | | 98 1115 93.0 1625 | 90.2 es 
22 0.54 98 1195 99.6 1745 96.9 Be 
23 0.58 98 1275 106.1 1860 | 103.3 
24 0.63 98 1370 114.2 2005 | 411.5 
25 0.68 98 1465 122.2 2150 119.5 he 
26 0.73 121 1585 132.2 2320 | 128.8 a 
27 0.79 138.4 
28 0.85 | 148.0 
| 
18 21 0.54 106.7 
22 0.58 113.9 
23 0.63 122.8 
24 0.68 131.8 ane. 
25 0.73 140.6 ae. 
26 0.79 151.2 
21 0.54 109.1 
22 0.58 116.3 
23 0.63 125.5 pee 
24 0.68 134.8 Aes: 
25 | 0.73 143.7 eas, 
26 =| 0.79 156.1 
28 0.92 179.4 
20 21 0.57 124.9 
22 0.62 134.9 
23 0.67 144.9 he ge 
24 0.72 154.8 
25 0.78 166.8 
26 0.84 178.4 
21 0.57 22.06 127.7 ine 
22 0.62 22.06 137.9 
23 0.67 22.06 148.1 
24 0.72 22.06 158.1 1 
25 0.78 22.06 170.3 eee 
26 0.84 22.06 184.1 
27 0.91 22.06 198.2 
28 0.98 22.06 212.0 
24 21 0.63 25.80 24.54 155.4 179 2045 170.3 165.3 er Be 
22 0.68 25.80 24.44 167.4 179 2190 182.3 177.3 ee 
23 0.73 25.80 24.34 179.4 179 2330 194.3 189.4 cha 
24 0.79 25.80 24.22 193.7 179 2505 208.6 203.6 tea ee 
25 0.85 2 217.8 
26 0.92 2 234.4 
21 0.63 2 168.7 Hoe: 
22 0.68 2 181.0 
23 0.73 2 193.2 
24 0.79 2 207.8 
25 0.85 2 222.3 
26 0.92 2 241.7 
27 0.99 2 258.5 
28 1.07 2 277.5 


202 AWWA SPECIFICATIONS Jour. AWWA 
TABLE 6.3—STANDARD THICKNESSES AND WEIGHTS OF PIPE CENTRIFUGALLY 
CAST IN METAL MOLDS 
These thicknesses and weights are for pipe laid without blocks, on flat-bottom trench, with tamped back- 


fill. under 5 ft of cover. For other conditions, see Tables 6.2 and 6.4 hereof and ASA A21.1 (AWWA C101), 
**Manual for the Computation of es and Thickness of Cast Iron Pipe.” 


Weight Based on 


Thickness Outside Diam. 12-ft Laying Length 18-it Laying Length 


Avg. Per Foot*| Per Lengtht | Avg. Per Foot*| Per Lengtht 


lb 


Class 50—50-psi Pressure—115-ft Head 


3.96 12.5 215 
4.80 16.6 3 290 
6.90 26.4 31S 25. 460 
9.05 38.1 Ds 36. 665 
11.10 50.5 880 
13.20 65.3 ‘ 3. 1140 


15.30 76.2 3 74. 1335 
17.40 97.2 . 5 1700 
19.50 109.9 ; 7 1920 
21.60 128.6 543 . 2250 
25.80 170.3 


= 


Class 100 —104 100- pei | Pressure—231- ft Head 


| 
3.96 12.5 150 
4.80 16.6 200 
6.90 315 
9.05 38. 455 
11.10 50.5 605 
13.20 5. 785 


15.30 } 965 
17.40 97. 1165 uf 1700 
19.50 > 1405 a 2050 
21.60 1665 34. 2430 
25.80 2190 3190 


= 


Class 150—150-psi Pressure—346-ft Head 


3.96 3 150 2: 215 
4.80 16.6 i 290 
6.90 26.4 315 25. 460 
9.05 38.1 55 36. | 665 
11.10 50.5 5 ; 880 
13.20 65.3 : 3. 1140 


15.65 82.4 : 1445 
17.80 99.6 . 1745 
19.92 119.6 35 2095 
22.06 141.6 37. 2480 
26.32 198.3 : 3480 


* Average weight per foot based on calculated weight of pipe before rounding. 
t Including bell. Calculated weight of pipe rounded off to nearest 5 Ib. dey gata “7 
ra 


> 


Size 
i 
3 | 0.32 | 
4 0.35 
6 | 0.38 | 
8 0.41 
10 | 0.44 
12 0.48 | 
16 } 054 | 
18 
20 | 0.57 
& | 24 0.63 
. 3 | 0.32 12.0 215 
4 | 0.35 16.1 290 
6 0.38 25.6 460 
8 0.41 36.9 665 
10 0.44 49.0 | 880 
12 0.48 634 | 1140 
14 0.51 
| 16 0.54 
18 0.58 
20 0.62 
24 0.68 
| 
3 0.32 
4 0.35 | 
6 0.38 
041 | 
12 | 0.48 | 
16 0.54 
24 | 0.73 | 
* 
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TABLE 6.3 (contd..—-STANDARD THICKNESSES AND WEIGHTS OF PIPE 
CENTRIFUGALLY CAST IN METAL MOLDS 
These thicknesses and weights are for pipe laid without blocks, on flat-bottom trench, with tamped back- 
fill, under 5 ft of cover. For other conditions, see Tables 6.2 and 6.4 hereof and ASA A21.1 (AWWA C101), 
“Manual for the Computation of Strength and Thickness of Cast Iron Pipe.” 
Weight Based on 
Size Thickness Outside Diam. 12-ft Laying Length 18-ft Laying Length 
Avg. Per Foot*| Per Lengtht | Avg. Per Foot*| Per Length T 
in. lb 
Class 200—200-psi Pressure—462-ft Head 
3 0.32 3.96 12.5 150 12.0 215 
4° 0.35 4.80 16.6 200 16.1 290 
6 0.38 6.90 26.4 315 25.6 400 
8 0.41 9.05 38.1 455 36.9 665 
10 0.44 11.10 50.5 605 49.0 880 
12 | 0.48 13.20 65.3 785 63.4 1140 
14 0.55 15.65 88.1 1055 85.8 1545 
16 0.58 17.80 106.1 1275 103.3 1860 
18 | 0.63 19,92 128.8 1545 125.5 2260 
20 | 067 | 2206 | 151.8 1820 148.1 2605 
24 | 0.79 | 26.32 | 212.9 2555 207.8 3740 
Class 250—250-psi Pressure—577-{t Head 
3 0.32 3.96 12:5 | 150 12.0 215 
4 0.35 4.80 16.6 200 16.1 290 
6 0.38 6.90 } 26.4 | 315 25.6 460 
8 0.41 9.05 38.1 455 36.9 665 
10 0.44 } 11.10 50.5 605 49.0 880 
12 0.52 13.20 70.1 840 68.3 1230 
14 0.59 | 15.65 93.8 1125 91.6 1650 
16 0.63 17.80 114.2 1370 111.5 2005 
18 0.68 19.92 | 137.9 1655 134.8 2425 
20 0.72 22.06 161.9 1945 158.1 2845 
24 0.79 26.32 212.9 2555 207.8 3740 
Class 300 —300-psi Pressure —693-ft Head 
3 0.32 3.96 12.5 150 12.0 215 
4 0.35 4.80 16.6 200 16.1 290 
6 0.38 6.90 26.4 315 25.6 460 
8 0.41 9.05 38.1 455 36.9 665 
10 0.48 11.10 54.5 655 53.0 955 
12 0.52 13.20 70.1 840 68.3 1230 
14 0.59 15.65 93.8 1125 91.6 1650 
16 0.68 17.80 122.2 1465 119.5 2150 
18 0.73 19.92 147.0 1765 143.7 2585 
20 0.78 22.06 174.0 2090 170.3 3065 
24 0.85 26.32 227.4 2730 222.3 4000 


* Average weight per foot based on calculated weight of pipe before rounding. 
t Including bell. Calculated weight of pipe roun off to nearest 5 lb. 


- 
+ 
| 
4 
« 
: 
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TABLE 6.3 (contd..-STANDARD THICKNESSES AND WEIGHTS OF PIPE 
CENTRIFUGALLY CAST IN METAL MOLDS 


_ These thicknesses and weights are for pipe laid without blocks, on flat-bottom trench, with tamped back- 
fill, under 5 ft of cover, For other conditions, see Tables 6.2 and 6.4 hereof and ASA A21.1 (AWWA C101), 
“Manual for the Computation of Strength and Thickness of Cast Iron Pipe.” 


Weight Based on 


Thickness Outside Diam, 12-ft Laying Length 18-ft Laying Length 


Avg. Per Foot*| Per Lengtht | Avg. Per Foot*| Per Lengtht 


lb 


Class 350—350-psi Pressure-—808-ft Head 


12.5 150 
16.6 200 
26.4 315 
. OE 38.1 455 
10 58.4 700 
12 74.9 900 


14 ’ 5.65 100.9 1210 
16 122.2 1465 
18 92 160.2 1920 
20 . 188.9 2265 
24 92 26.32 248.1 2975 


* Average weight per foot based on calculated weight of pipe before rounding. 
t Including bell. Calculated weight of pipe rounded off to nearest 5 Ib. 


ai 


204 | 
| 
Size 
< 
12.0 215 
25.6 460 
36.9 665 
és 56.9 1025 
73.1 1315 
: ~ 98.7 1775 
119.5 2150 
3 184.1 3315 
241.7 3! 
4350 
i » 
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TABLE 6.4 
STANDARD THICKNESSES* OF PIPE CENTRIFUGALLY CAST IN METAL MOLDS 
Flat-Bottom Trench, Without Blocks, Untamped Backfill 
Laying Condition B—Flat-Bottom Trench, Without Blocks, Tamped Backfill 
Laying Condition C—Pipe Laid on Blocks, Untamped Backfill 
Laying Condition D—Pipe Laid on Blocks, Tamped Backfill 


Laying Condition A 


34 ft of Cover 5 ft of Cover 8 ft of Cover 


Working 
Pressure 


pst 


Laying Condition 


Laying Condition 


Laying Condition 


Thickness—in. 


200 
250 
300 
350 


50 
100 
150 
200 
250 
300 
350 


50 
100 
150 
200 
250 
300 
350 


50 
100 
150 
200 
250 
300 
350 


50 
100 
150 
200 
250 
300 
350 


50 
100 
150 
200 
250 
300 
350 


0.48 


0.48 
0.48 
0.48 
0.48 
0.52 
0.56 


| 
0.48 | 0.52 


0.56 


0.56 
0.56 
0.56 
0.60 
0.60 
0.60 


0.52 
0.56 


0.38 
0.38 
0.38 
0.38 
0.38 
0.38 
0.38 


0.41 
O41 
0.41 
0.44 
0.44 
0.44 
0.44 


0.48 
0.48 
0.48 
0.52 
0.52 
0.52 
0.52 


0.52 
0.56 
0.56 
0.56 
0.56 
0.60 
0.60 


0.60 
0.60 
0.60 
0.60 
0.65 
0.65 
0.65 


0.65 
0.65 
0.65 
0.65 
0.70 
0.70 
0.76 


* Thicknesses include 


illowances fo 


foundr 


in. 
= 
4 
3 0 || 03 0.32 | 0.32 || 0.32 | 0.32 | 0.32 | 0.32 | 0.32 | 0.3 0.32 : eae 
100) = || «0.3 ( 0.32 | 0.32 || 0.32 | 0.32 | 0.32 | 0.32 || 0.32 | 0.3 0.32 ee 
150 0.3 | 0.32 | 0.32 0.32 | 0.32 | 0.32 | 0.32 || 0.32 | 0.3 0.32 or ee 
|| 0.3 ( 0.32 | 0.32 || 0.32 | 0.32 | 0.32 | 0.32 || 0.32 | 0.3 0.32 ee 
0.3 ) | 0.32 | 0.32 0.32 0.32 0.35 | 0.32 jj 0.32 | 0.3 0.32 Pater Cre 
0.3 0.32 | 0.32 | 0.32 | 0.32 0.32 0.35 | 0.32 ] 0.32 | 03 0.32 agen ae 
0.3 | 0.32 | 0.32 \ 0.32 | 0.32 | 0.35 | 0.32 0.32 | 0.3 0.32 ce is 
4 0.35 | 0.35 | 0.35 | 0.35 || 0.35 | 0.35 | 0.35 | 0.35 0.35 | 03 | 0.35 ) ee 
0.35 | 0.35 | 0.35 | 0.35 0.35 0.35 | 0.35 | 0.35 |; 0.35 0.3 | 0.35 = gael 
0.35 | 0.35 | 0.35 | 0.35 || 0.35 | 0.35 | 0.38 | 0.35 || 0.35 | 0.3 0.35 a 
0.35 | 0.35 | 0.35 | 0.35 | 0.35 | 0.35 | 0.38 | 0.35 || 0.35 | 03 0.35 eo ae 
0.35 | 0.35 0.35 | 0.35 | 0.35 0.35 0.38 | 0.35 || 0.35 0.3 0.35 Sime 2: 
0.35 | 0.35 | 0.35 | 0.35 || 0.35 | 0.35 | 0.38 | 0.35 || 0.35 | 03 0.35 ae 
0.35 | 0.35 | 0.38 | 0.35 || 0.35 | 0.35 | 0.38 | 0.35 0.35 0.3 0.35 eo 
| | 
6 0.38 | 0.38 | 041 | 0.38 | 0.38 | 0.38 | 0.44 | 0.38 l 0.38 | 0.3 | 0.38 Be. 
0.38 | 0.38 | 0.41 | 0.38 | 0.38 | 0.38 | 0.44 | 0.38 || 0.38 | 0.3 0.38 cai 
? 0.38 | 0.38 | 0.41 | 0.38 || 0.38 | 0.38 | 0.44 | 0.38 || 038 | 0.3 | 0.38 err he 
0.38 | 0.38 | 0.41 | 0.38 || 0.38 | 0.38 | 0.44 | 0.38 || 0.38 | 0.3 0.38 cee 
0.38 | 0.38 | 044 | 0.38 | 0.38 | 038 | 0.44 | 0.38 || 0.38 | 0.3! 0.38 ck 
0.38 | 0.38 | 0.44 | 0.38 || 0.38 | 0.38 | 0.44 | 0.38 || 0.38 | 0.3! | 0.38 a ae 
| 0.38 | 0.38 | 0.44 | 0.38 | 0.38 | 0.38 | 0.48 | 0.38 || 0.38 | 0.3: 0.38 sat ie 
| | 
8 || O41 | 0.41 | 0.44 | 0.41 || 0.41 | 0.41 | 0.48 | O41 | O41 | 04 O41 a) ae 
|| 0.41 | O41 | 048 | O41 || O41 | O41 | O48 | O41 O41 | 04 0.41 Tea 
1 0.41 | 0.41 | 048 | 0.41 || 0.41 | 0.41 | 0.48 | 0.41 O41 | O4 O41 ee 
|| 0.41 | 0.41 | 0.48 | 0.41 || 0.41 | 0.41 | O.52 | O41 || 0.41 | 0.4 0.44 foo. 
| o41 | o41 | 0.48 | 0.41 || 0.41 | 0.41 | 0.52 | O41 || O44 | O4 | 0.44 pee 
0.41 | 0.41 | 0.48 | 0.41 0.41 | 0.41 | 0.52 | 0.41 |) 0.44 | 0.4 | 0.44 Ree 
0.41 | O41 | 0.52 | O41 6.44 | OA 0.52 0.44 || 0.48 | 0.4 0.48 ae 
10 0.44 | 0.44 | 0.48 | 0.44 || 0.44 | 0.44 | 0.52 | 0.44 || 0.44 | 0.4 0.48 ae 
0.44 | 0.44 | 0.52 | 0.44 || 0.44 | 0.44 | 0.52 | 0.44 || 0.48 | 0.4 0.48 ee. ae 
| 0.44 | 0.44 | 0.52 | 0.44 || 0.44 | 0.44 | 0.56 | 0.44 0.48 | 04 0.48 
0.44 | 0.44 | 0.52 | 0.44 || 0.44 | 0.44 | 0.56 | 0.44 || 0.48 | 0.48 | 0.52 
|| 0.44 | 0.44 | 0.56 | 0.44 || 0.48 | 0.44 | 0.56 | 0.48 || 0.52 | 0.48 | 0.52 
|} 0.48 | 0.44 | 0.56 | 0.48 0.48 | 0.48 | 0.56 | 0.48 || 0.52 | 0.52 | 0.56 
0.48 | | Mm | 0.48 || 0.52 | 0.52 | 0.60 | 0.52 | 0.56 | 0.5. 0.56 
12 0.48 | | 0.48 || 0.48 | 0.48 | 0.56 | 0.48 || 0.52 | O48 | 0.52 iA 
0.45 | 0.48 || 0.48 | 0.48 | 0.56 | 0.48 || 0.52 | 0.48 | 0.52 
0.4 0.48 || 0.48 | 0.48 | 0.56°] 0.48 |] 0.52 | 0.52 | 0.56 ee ee 
0.45 0.48 | 0.48 | 0.60 | 0.52 | 0.56 | 0.5: 0.56 Oe. 
0.52 0.52 | 0.52 | 0.60 | 0.52 |} 0.56 | 0.S¢ 0.60 ee ian 
0.5) 0.56 | 0.52 | 0.60 | 0.56 || 0.60 | 0.5¢ 0.00 
0.5¢ 0.56 | 0.56 | 0.65 | 0.60 | 0.60 | 0.60 | 0.65 ed 
=) 
practice, corrosion, and either water hammer or truck load, 
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TABLE 6.4 (contd.) 
STANDARD THICKNESSES* OF PIPE CENTRIFUGALLY CAST IN METAL MOLDS 
L aying Condition A—Flat-Bottom Trench, Without Blocks, Untamped Backfill 
Laying Condition B—-Flat-Bottom Trench, Without Blocks, Tamped Backfill 


Laying Condition C— “Pipe Laid on Blocks, Untamped Backfill 
Laying Condition D—Pi ” Laid on Blocks, oe Backfill 


3} ft of Cover 5 ft of Cover 8 ft of Cover 


Working 
Pressure 
psi 


Laying Condition Laying Condition Laying Condition 


a | 8 > 


Thickness—in. 


50 y 0.59 | 0.51 0.59 | 0.55 || OS 0.59 
100 0.59 | 0.55 .55 | 0.64 | 0.55 0.64 
150 0.59 | 0.55 55 0.64 | 0.59 75 0.64 
200 5s 064 | 0.59 55 5S 0.64 | 0.59 7 0.69 
250 0.64 | 0.59 0.69 | 0.59 0.69 
300 0.69 | 0.59 0.69 | 0.64 0.69 
350 0.69 | 0.64 0.75 | 0.69 Y | 0. 0.75 


50 0.63 0.58 5 0.63 0.58 0.63 
100 0.63 0.58 be 0.68 0.58 || 0.6: 0.68 
150 54 | 0.63 0.58 be 0.68 0.63 J 0.68 
200 | 0.68 0.63 0.68 0.63 0.73 
250 0.68 0.63 0.73 0.68 4 | 0.73 
300 62 0.73 0.68 0.73 0.68 74 0.79 
350 0.73 0.68 0.79 0.73 : 0.79 


50 0.63 0.58 be 0.68 0.63 0.68 
100 0.68 0.63 A 0.73 0.63 | 0.73 
150 0.68 0.63 63 os 0.73 0.68 73 0.73 
200 0.73 0.68 0.73 | 0.68 0.79 
250 0.73 0.68 0.79 0.73 7 0.79 
300 0.79 0.73 0.79 0.79 7 0.85 
350 0.79 0.79 0.85 8S 92 0.85 


50 0.72 | 0.62 7 7 0.72 
100 if 0.72 | 0.67 i 7 0.78 
150 0.72 | 0.67 ‘ 3 0.78 
200 67 0.78 | 0.72 7 . 0.84 
250 0.78 | 0.72 .78 | 0. 0.84 
300 . 0.84 | 0.78 7 | 0. 0.91 
350 O. 0.84 | 0.84 || 0. | 0. . | 0. 0.91 


50 6: 0.79 | 0.68 || 0.7: 6: 7: 0.79 
100 6: 0.79 | 0.73 y BS 0.85 
150 Ti y 0.79 | 0.79 7 vi 8: .7 8: 7 y 0.85 
200 0.85 | 0.79 85 || 0. BS 0.92 
250 0.85 | 0.85 2 | 85 BS 0.99 


300 8S 0.92 0.85 0. ‘09 0.92 || 0. 0.99 
350 92 .92 | 0.99 0.92 A 2 0.99 0.99 ; | 0.99 1.07 1.07 
| | | 


= practice, corrosion, and either water hammer or truck load, 
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Table 8.1—Standard Dimensions of Bells, 
Sockets, Spigot Beads and Outside Di- 
ameters—and Weights of Bells and 
Spigot Beads—of Pipe Centrifugally 
Cast in Sand-lined Molds. 


Table 8.2—Standard Thicknesses, Diameters 
and Weights of Pipe Centrifugally Cast 
in Sand-lined Molds. 


Table 8.3—Standard Thicknesses and Weights 
of Pipe Centrifugally Cast in Sand-lined 
Molds (Classes 50-350, laid without 
blocks, on flat-bottom trench, with 
tamped backfill, under 5 ft of cover). 


Table 84—Standard Thicknesses of Pipe 
Centrifugally Cast in Sand-lined Molds 
(for laying conditions A, B, C and D, 
pressures 50-350, and 34, 5 and & ft of 
cover). 


Note 1—Tables showing additional thick- 
nesses required for greater depths of cover 
and other conditions of laying will be found 
in ASA A21.1. 

Note 2—Users of these tables are cau- 
tioned to select fittings having proper socket 
dimensions and thicknesses suited to the 
pressures. Pipe specified in these tables have 
outside diameters which will chamber cor- 
rectly with existing standards for pipe and 
fittings. 


Users of this document should make reference to “American Recommended 
Practice Manual for the Computation of Strength and Thickness of Cast Iron 
Pipe” (ASA A21.1) for complete information concerning the conditions which 


various thicknesses of pipe are designed to meet. 


The foreword of the Manual 


also contains a statement regarding the history of the specifications and refer- 


ences to other related documents. 


IRE 
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hare 


Standard Specifications for 


Cast Iron Pipe Centrifugally Cast in Sand-lined 


‘Molds, for Water or Other Liquids 


rs This specification covers cast iron pipe centrifugally cast in sand-lined 
molds. 


Sec. 8-1—Definitions 


Purchaser. Wherever the word 
“purchaser” is used herein, it shall be 
understood to mean the actual pur- 
chaser of the pipe or his authorized 
agents acting within the scope of the 
duties entrusted to them. 

Heat. A heat is a period during 
which a cupola or furnace is operated 
continuously. 

Run. A run is a period of one or 
more shifts during which a shop is 
operated continuously. 

Mixture of Iron. Mixture of iron 
is a combination of pig iron, scrap, 
coke and other raw materials charged 
to a cupola or furnace to give a de- 
sired composition of iron; or a com- 
bination of molten iron from one or 
more sources, made in a forehearth or 
ladle to give a desired composition of 
iron. 

Source of Iron. A source of iron is 
a cupola, furnace or forehearth from 
which iron is delivered to a transfer 
or pouring ladle. 

Forehearth. A forehearth is a refrac- 
tory-lined receptacle for the temporary 
storage of molten iron from one or 
more cupolas or furnaces. 


209 


Sec. 8-2—Description of Pipe 


The pipe shall be made with bell 
and spigot ends with beads cast on, or 
with plain ends or such other type of 
ends as may be agreed upon at the 
time of purchase. Pipe with bell-and- 
spigot ends shall conform to the dimen- 
sions and weights shown in the tables 
given in this document. Pipe with 
other types of ends shall comply with 
the dimensions agreed upon, but in all 
other respects shall fulfill the specifica- 
tions hereinafter given. Pipe shall be 
straight and shall be true circles in 
sections, with the inner and outer sur- 
faces concentric. Pipe shall be cast at 
least 12 ft in nominal laying length. 
This type of pipe is commonly made 
at present (1952) in 16-, 16$- and 
20-ft lengths. 


Sec. 8-3—Casting of Pipe 


The pipe shall be centrifugally cast 
in sand-lined molds and shall remain in 
the sand for a sufficient length of time 
to prevent unequal contraction during 
cooling. 

Sec. 8-4—Quality of Iron 


84.1. All pipe shall be made of 
cast iron of good quality, and of such 
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- character and so adapted in chemical 

composition to the thickness of the pipe 

to be cast, that the iron in the pipe 

shall be strong, tough, resilient, of even 

grain and soft enough for satisfactory 

drilling and cutting, and it shall com- 

ply with the physical specifications 

_‘Siven in Sec. 8-17 and 8-18. The 

a met al shall be remelted in a cupola or 
other suitable furnace. 

84.2. The iron in the pipe shall 
not contain more than 0.90 per cent of 
phosphorus nor more than 0.12 per 
- cent of sulphur. Samples for chemical 
analyses shall be taken by drilling 
completely through from skin to skin 
either acceptance test specimens or 

_ specimens cast for this purpose, but 
- not to exceed three specimens per heat 
of approximately eight hours. In case 
of dispute, analyses will be determined 
on samples taken from the pipe in 


Sec. 8-5—Quality of Castings 
Pipe shall be smooth, free from 


eet scales, lumps, blisters, sand holes, laps 
and defects of every nature which un- 
fit them for the use for which they are 
x oe intended. No plugging, filling, burn- 
_ ing-in or welding will be allowed except 
ia as permitted by the purchaser. 
A record of the results of the fol- 
lowing tests shall be made and retained 
Upon request 


purchaser at the foundry. If written 
transcripts of the results of any of 


the tests of which transcripts are de- 

a sired. The methods of testing and the 

dimensions of all test specimens are 
given in the Appendix. 
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8-6.1. Chemical analyses. Chemical 
analyses of each iron mixture used 
directly in the pouring of pipe, ob- 
tained as in Sec. 8-4.2, shall be made 
for silicon, sulphur, manganese, phos- 
phorus and total carbon during the 
first hour and at intervals not to ex- 
ceed three hours throughout the heat. 
If pipe are poured directly from the 
cupola, chemical analyses shall be made 
of iron from the first and from the last 
ladle. If the mixture is changed one 
or more times during a heat in order 
to produce a different iron, the time of 
taking samples shall be varied in such 
a way as to obtain representative tests 
of the iron at least at the beginning 
and end of each period during which 
the iron is intended to be constant in 
quality. 

8-6.2. Pouring temperatures. The 
pouring temperature of the iron shall 
be taken at the casting ladle for each 
size of pipe at least once each hour. 

8-6.3. Talbot strip tests. See Sec. 
8-17.1. 

8-6.4. 
8-17.2. 

8-6.5. 
length bursting tests. 
and 8-18. 


Sec. 8-7—Marking Pipe 


Each pipe shall have the weight and 
class designation conspicuously painted 
on it. In addition, each pipe shall have 
cast on it the manufacturer’s mark, the 
year in which the pipe was cast and, 
when specified by the purchaser, in- 
itials not exceeding four in number. 
The letters and figures shall be on the 
outside surface of the pipe, and cast 
marks shall have dimensions not less 
than those indicated in the following 
table : 


Test bar tests. See Sec. 


Periodic ring, strip and full- 
See Sec. 8-17 
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Relief of 
Letter 


Nom. Pipe 
Diam. 
in. 


in. 
2 


24-48 


Height of 
Letter 


Sec. 8-8—Inspection by Purchaser 


‘8-8.1. Power of purchaser to in- 
spect. The purchaser shall have free 
access at all times to all parts of any 
manufacturing plant which concern the 
manufacture of articles to be made for 
him. He may inspect the material, 
pattern work, molding, casting, coating 
and lining of the pipe. The forms, 
sizes, uniformity and conditions of all 
pipe herein referred to shall be subject 
to his inspection and approval, and he 
may reject, without subjection to hy- 
drostatic test, any pipe which is not in 
conformity with the specifications or 
drawings. Any pipe rejected shall be 
so marked and any marks pertaining 
to the purchaser shall be chipped or 
erased from such pipe. 

8-8.2. Manufacturer to furnish men 
and materials. The manufacturer shall 
provide tools, testing equipment, mate- 
rials, labor and facilities necessary for 
the required testing, inspection and 
weighing of the pipe at the foundry. 

8-8.3. Report of purchaser’s inspec- 
tion. The purchaser shall make writ- 
ten report daily to the foundry office 
of all pipe rejected with the causes for 
rejection. 


Sec. 8-9—Inspection and Certifica- 
tion by Manufacturer 


Should the purchaser have no in- 
spector at the works, the manufacturer 
shall, if required by the purchaser, 
furnish a sworn statement that the 
inspection and all the tests have been 


made and met as specified. If written 
transcripts of any of these test results 
are required, including chemical tests if 
desired, a request specifying the tests 
of which transcripts are desired shall 


accompany the order. 7 
Sec. 8-10—Pipe to Be Delivered 5. 

Sound 

All the pipe shall be delivered in all 
respects sound and in conformity with 
these specifications. The inspection 
shall not relieve the manufacturer of 
any of his obligations in this respect, 
and any defective pipe which may have 
passed the purchaser at the works or 
elsewhere shall be at all times liable 
to rejection when discovered, until the 
final completion and adjustment of the 
contract; provided, however, that the 
manufacturer shall not be held liable 
for pipe found to be damaged after they 
have been accepted at the agreed point 
of delivery, unless there shall be un- 
mistakable evidence that the casting 
was originally defective or damaged 
before acceptance. Care shall be taken 
in handling the pipe not to injure the 
coating or lining, and no pipe or other 
material of any kind shall be placed in 
the pipe during transportation or at 
any other time after they have received 
the coating or lining. 


Sec. 8-11—Cut Pipe 


Defective spigot ends on pipe may 
be cut off in a manner which will 
produce a square end. Not more than 
10 per cent of the total number of 
pipe of each size of a given order 
may be shipped as cut pipe. Such cut 
pipe when cut from 12-ft lengths shall 
have a nominal laying length of not 
less than 11 ft; pipe originally of 16-ft 
or greater length shall not be cut more 
than 2 ft. 
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AWWA SPECIFICATIONS 


Sec. 8-12—Tolerances or Maximum 
Permitted Variations 


8-12.1. Pipe and socket diameters. 
Outside diameters of pipe barrels and 
spigot ends, and inside diameters of 
sockets, shall be kept as nearly as prac- 
ticable to the specified dimensions. 
The inside diameters of the sockets 
and the outside diameters of the spigot 
ends shall be tested with circular gages. 
Tolerances or maximum permitted var- 
iations from standard dimensions are 
listed below : 


Nom. Pipe 
Diam. Tolerances 
in. in. 
40.08 


+0.12 


12 
24 
42-48 


8-12.2. Thickness. The minus tol- 
erances from standard thickness of pipe 
and dimensions a, b, c and d of the 
bells are as follows: 

Minus 
Tolerance 


Nom. Pipe 


Diam. 


we 
= 


— Note: In pipe barrel thickness, tol- 
erances 0.02 in. greater than those 
listed above shall be permissible over 
areas not exceeding & in. in length in 
any direction. 

8-12.3. Weight. The weight of no 
single pipe shall be less than the nomi- 
nal tabulated weight by more than 5 
per cent for pipe 12 in. or smaller in 
diameter, nor by more than 4 per cent 
for pipe larger than 12 in. in diameter. 
The total weight of any order of 25 
tons or more shall not be more than 
2 per cent under the total nominal 
weight. 


The total excess weight to be 
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paid for on orders of 25 tons or more 
shall not exceed 2 per cent of the nomi- 
nal weight, and on orders of less than 
25 tons shall not exceed 5 per cent of 
the nominal weight. An order is 
hereby defined as including all the pipe 
ordered under the terms of a specific 
contract or purchase order or a single 
order placed under the terms of a 
standing contract. Unless otherwise 
specified in the contract, a ton shall be 
2,000 Ib avoirdupois. 


Sec. 8-13—Cleaning and Inspecting 


All pipe shall have fins and other 
roughnesses chipped or ground off and 
shall be thoroughly cleaned, checked as 
to dimensions and also subjected to a 
careful inspection and a rolling test, 
before being coated or lined. 


Sec. 8-14—Hydrostatic Test 

Kach pipe shall be subjected to a 
hydrostatic proof test. This test may 
be made either before or after a hot 
or cold bituminous dip or paint has 
been applied but shall be made before 
the cement mortar lining or any other 
special lining has been applied to pipe 
for which such lining is specified. 

The pipe shall be under the test 
pressure for at least one-half minute. 
Any pipe showing defects by leaking, 
sweating or otherwise shall be re- 
jected. The test pressures shall be in 
accordance with the table appearing on 
page 213. 


Sec. 8-15—Weighing 


Each length of pipe shall be weighed 
and the weight plainly marked on the 
outside or inside of the bell or spigot 


end. Pipe shall be weighed before the 
application of any lining or coating 
other than hot or cold bituminous dip 
or paint. 


: 
0.06 
0.08 


Table of Hydrostatic Test Pressures 
Test 
Pressure 
psi 
500 


Nom. Barrel 
Thickness 
m. 


Nom. Pipe 
Diam. 
all thicknesses 


400 
500 


0.57 and less 
0.58 and over 


400 
500 


0.60 and less 
0.61 and over 


400 
500 


0.65 and less 
0.66 and over 


400 
500 


0.70 and less 
0.71 and over 


400 
500 


0.75 and less 
0.76 and over 


400 
500 


0.88 and less 
0.89 and over 


400 
500 


0.98 and less 
0.99 and over 


400 
500 


1.09 and less 
1.10 and over 


48 
48 


Sec. 8-16—Linings and Exterior 
Coatings 


400 
500 


1.18 and less 
1.19 and over 


Any particular lining or coating 
which is to be applied to the pipe shall 
he specified in the agreement made at 
the time of purchase. Separate speci- 
fications for cement-mortar lining 
(ASA A21.4, also known as AWWA 
C104), have been provided in connec- 
tion with specifications for pipe. 

No pipe for water works service 
shall be furnished without protective 
coating unless specifically ordered by 
the purchaser. 


Sec. 8-17—Acceptance Tests for 
Physical Properties 


The standard acceptance tests for 
the physical characteristics of the pipe 
shall be as follows: 
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Sec. 8-17.1—Talbot Strip Tests 

Talbot strip tests shall be used to 
determine the acceptability of 3-in. to 
24-in. pipe for modulus of rupture and 
secant modulus of elasticity. 

17.1.1. Sampling. For sampling, 
every run shall be divided into periods 
of approximately three hours each, and 
at least one sample shall be taken dur- 
ing each three-hour period. The sam- 
ple for the first period of the run shall 
be taken during the first hour or, if 
casting is direct from the cupola, from 
the first ladle. Samples shall be taken 
so that each size of pipe cast for two 
hours or longer during the run and 
each mixture or source of iron used for 
two hours or longer during the run 
shall be fairly represented. 

17.1.2. Method of testing. The 
method of testing Talbot strips is given 
in Sec. 8-Al of the Appendix. 

17.1.3. Acceptance values. The ac- 
ceptance values for tests on Talbot 
strips from 3-in. to 24-in. pipe shall be 
as follows : 

Modulus of rupture: 40,000 psi mini- 
mum. 
Secant modulus of elasticity: 10,000,- 

000 psi maximum. 

If the modulus of elasticity exceeds 
10,000,000, the modulus rupture 
shall 40,000 least the 
same proportion. 


ol 


exceed in at 


Sec. 8-17.2—Twe-Inch Test Bar Tests 

ASTM standard (A48 Bar C) 2-in. 
diameter by 27-in. test bar tests shall 
be used to determine the acceptability 
of 30-in, to 48-in. pipe. 

From each mixture of iron used to 
cast pipe of 30-in. to 48-in. sizes, 2-in. 
diameter test bars shall be cast and 
tested from the first ladle of iron, and 
at intervals not to exceed three hours 
during the heat. 
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AWWA SPECIFICATIONS 


For the record, from every 200 
lengths, but from at least one pipe of 
each size each week, one Talbot strip 
shall be cut and tested, and shall meet 
the requirements of Sec. 8-17.1.3. 

At the manufacturer’s option, Talbot 
strips may be tested instead of test 
bars. If Talbot strips are tested, they 
shall meet the requirements of Sec. 
8-17.1.3. 

Test bars shall have a minimum 
breaking load of 6,000 lb and a de- 
flection of 0.15 in. plus 0.01 in. for 
each 500 Ib that the breaking load 
exceeds 6,000 Ib. 

These test bar values apply only to 
thickness classes 21 to 25 in pipe de- 
signed with an  18,000-psi tensile 
strength in bursting and a 40,000-psi 
modulus of rupture of the ring. 


Sec. 8-18—Periodic Ring Tests and 
Full-Length Bursting Tests 


The manufacturer shall periodically 
make such bursting tests and ring 
tests in conjunction with strip tests 
that he can certify the design values 
of the modulus of rupture (40,000 psi) 
and the tensile strength of the iron in 
the pipe (18,000 psi). These tests 
shall be made in accordance with di- 
mensions and methods given in the 
Appendix. 

Pipe for these periodic ring and 
bursting tests shall be so selected that 
they will be representative of the sizes 
and various thicknesses of each size 
cast. Ring tests shall not be made on 
3-in. and 4-in. pipe. 

Tests of Talbot strips cut from the 
ring, as provided in the Appendix, 
shall be made in conjunction with ring 
and bursting tests. At least three 
Talbot strips shall be tested from each 
burst pipe and one of these strips shall 
come from the ring. For pipe for 
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which rings less than 104 in. long are 
used, the Talbot strip shall come from 
parts other than the ring. 

Tests and records shall include the 
modulus of rupture of each strip and 
ring and also the modulus of elasticity 
of each strip and of each ring 12 in. 
and larger; the breaking load and de- 
flection of each test bar shall also be 
included. 

At the purchaser’s request, the man- 
ufacturer shall furnish a written tran- 
script of ring and bursting tests and 
tests on Talbot strips made in connec- 
tion therewith for a period not ex- 
ceeding one year and for such sizes 
as requested. 

Unless there is a record of satis- 
factory tests equivalent to those here- 
inafter described, extending to within 
three months or less of the time to 
begin manufacture of an order for pipe 
of any size from 30 in. to 48 in., the 
producer shall test three pipe from 
the first day’s production and one each 
succeeding day for the next four days. 
If all the tests meet the specifications, 
he shall test one pipe every five days 
for the next three weeks, and if all 
those meet the specifications, he shall 
test one pipe each month. In the case 
of a failure of any test, the same series 
of tests as above specified shall be 
repeated. If there is a lapse of more 
than one month in the manufacture of 
such pipe, the monthly test shall be 
made on a pipe from the first day’s 
run. If the tests are all satisfactory, 
the number of pipe tested shall not 
exceed 3 per cent of the order. 
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Sec. 8-19—Additional Tests ae 


Required by Purchaser 


If more or other tests than those 
provided in these specifications are re- 
quired by the purchaser, such tests 
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shall be specified in the invitation for 
bids. 


Sec. 8-20—Defective Specimens and 
Retests 


8-20.1. If any test specimen shows 
defective machining or lack of contin- 
uity of metal, it may be discarded and 
replaced by another specimen. If any 
sound test specimen fails to meet the 
specified requirements, the purchaser 
may permit a retest on two additional 
sound specimens from pipe cast in the 
same period as the specimen which 
failed ; both of the additional specimens 
shall meet the prescribed tests to be 
acceptable. 

8-20.2. Test bars may be cast in 
pairs and at least one bar from each 
pair shall be tested, but the manufac- 
turer shall have the right to test both 
bars, in which case the better bar shall 
be taken as representative. 

20.3. If a routine test bar test 
fails to meet the requirements, the 
manufacturer shall have the right to 
substitute two Talbot strips cut from 


PIPE CENTRIFUGALLY CAST IN SAND-LINED MOLDS 


a pipe cast with iron represented by 
the failed test bar test. If both strip 


tests meet the requirements, the pipe — 


for that period shall be acceptable. 
Sec. 8-21—Rejection of Pipe 


If any routine chemical analysis 
fails to meet the chemical requirements 
of Sec. 8-4.2, or if any acceptance test 
fails to meet the requirements of Sec. 
8-17.1.3, 8-17.2 and 8-20, the pipe 
cast in the period shall be rejected ex- 
cept as subject to the provisions of 
Sec. 8-22. 

Sec. 8-22—Limiting Rejection 

The manufacturer may limit the 
amount of rejection by making similar 
additional tests of pipe of the same 
size as that rejected until the rejected 


lot is bracketed in order of manufac- © 


ture by two acceptable tests. If a_ 
period is rejected, the acceptability of 


pipe of different sizes from that re 


jected may be established by making 


the routine acceptance tests for these — 


sizes. 
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Sec. 8-Al—Talbot Strip Tests 


. 8-A2—Ring Tests male 


sec. 8-A4—Test Bars 
8-A5—Deflection Measurements 


Table 8.1—Standard Dimensions of Bells, Sockets, Spigot Beads and Out- 
side Diameters—and Weights of Bells and Spigot Beads—of Pipe Cen- 
trifugally Cast in Sand-lined Molds. 


Table 8.2—Standard Thicknesses, Diameters and Weights of Pipe Cen- 
trifugally Cast in Sand-lined Molds. 


Table 8.3—Standard Thicknesses and Weights of Pipe Centrifugally Cast 
in Sand-lined Molds. 


Table 8.4—Standard Thicknesses of Pipe Centrifugally Cast in Sand-lined 
Molds. 


* This Appendix is a part of ASA A21.8—American Standard Specifications for Cast 
Iron Pipe Centrifugally Cast in Sand-lined Molds, for Water or Other Liquids. 

+ Data on thicknesses required for greater depths of cover and conditions of laying other 
than those assumed in the following tables will be found in Appendix B of ASA A21.1— 
American Recommended Practice Manual for the Computation of Strength and Thickness of 
Cast Iron Pipe. 

Users of the following tables are cautioned to select fittings having proper socket dimen- 

sions and thicknesses suited to the pressures. Pipe specified in these tables have outside 
diameters which will Gane correctly with existing standards for pipe and fittings. 
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Sec. 8-Al—Talbot Strip Tests 


Talbot strips (Fig. 8.1) shall be ma- 
chined longitudinally from each pipe 
specimen selected for testing by this 
method. These Talbot strips may be 
cut from a part of the ring little stressed 
i the ring test—i.e., near one of 
the elements marked a in the illustra- 
tion of the ring test (Fig. 8.2). The 
strips in any case will be in cross sec- 
tion as indicated in Fig. 8.1—1.e., will 
have for their width the thickness of 
the pipe and for their depth, 0.50 in. 
Their length shall be at least 104 in. 
These strips shall be tested as beams 
on supports 10 in. apart with loads 
applied perpendicularly to the ma- 
chined faces at two points 34 in. from 
the supports. The breaking load and 


Pipe 
Thickness 


50-in. 
Depth 


Fic. 8.1. Position From Which Talbot Strip 
Is Cut 


the deflection shall be observed and 
recorded. 

The strip shall be accurately cali- 
pered at the point of rupture and the 
modulus of rupture, X, shall be calcu- 
lated by the usual beam formula, which 
for this case reduces to the expression: 


_10W 


The secant modulus of elasticity, 
E,, in pounds per square inch, shall be 


computed by the formula: oe 
4 


In the above formulas, R is the modu- 
lus of rupture (psi), EH, is the secant 


21.3R 
« 
dy 
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modulus of elasticity (psi), W is the 
breaking load (lb), d is the depth 
(in.) of the strip (intended to be 0.50 — 
in.), ¢ is the width (in.) of the a 
(pipe thickness) and y is the deflec- 

tion (in.) of the strip at the center at 
breaking load. 


Sec. 8-A2—Ring Tests 


The maximum length of any = 
shall not ‘exceed 12 in.; for pipe 14 in. 
and larger, the minimum length shall 
be 104 in.; for pipe 12 in. and smaller, — 
the minimum length shall be one-half — 
the nominal diameter of the pipe. Each 
ring shall be tested by the three-edge 
bearing method as indicated in Fig. 8.2. 


Side Elevation 


Fic. 8.2. 


End Elevation 


Assembly for Ring Test 


The lower bearing for the ring shall 
consist of two strips with vertical sides 
having their interior top corners 
rounded to a radius of approximately 
$ in. The strips shall be of hard wood 
or of metal. If of metal, a piece of 
fabric or leather approximately ;’; in. 
thick shall be laid over them. They 
shall be straight and shall be securely | 
fastened to a rigid block, with their 
interior vertical faces the following 
distances apart: 


Bez Strip 

Nom. Pipe Diam. 
in, 

3-12 


30-48 


| 
> |. 
‘ea 
4 
ES 
is 
qe 
a ~ a x 
.50-in. Radius 
Se 
a is a aed 
LF 
| 
| 
| 


4 


> 


is not uniform in thickness, it shall be 
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The upper bearing shall be an oak 
block, straight and true from end to 
end. The upper and lower bearings 
shall extend the full length of the ring. 
The ring shall be placed symmetrically 
between the two bearings, and the 
center of application of the load shall 
be so placed that the vertical deforma- 
tion at the two ends of the ring shall 
be approximately equal. If the ring 


$0 placed that the thick and thin por- 


4 


tions are near the ends of the hori- 


zontal diameter. 
A record of the breaking load and 
the vertical deformation of each ring 


a 


tested shall be made. The modulus of 


- rupture and modulus of elasticity are 


computed from the formulas: 


R = 0.954" 


0.236R(d + 2)? 
= 


E= 


in which F is the modulus of rupture 


(psi), W is the breaking load (lb), 


d is the average inside diameter (in.) 
of the ring, ¢ is the average thickness 
(in.) of metal along the line of frac- 
ture, b is the length (in.) of the ring, 
E is the modulus of elasticity (psi) 
and y is the vertical deformation (in. ) 
of the ring at the center. 


See. 8-A3—Full-Length Bursting 


Tests 


The bursting tensile strength shall 
be determined by testing full-length 
pipe (less the amount cut off for ring 
and strip test specimens) to destruc- 

Bells may 
be removed to facilitate testing. A 
suitable means for holding the end 
thrust shall be used which will not 
subject the pipe to endwise tension or 
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compression, or other parasitic stresses. 
A calibrated pressure gage shall be 
used for determining the bursting 
pressure. This gage shall be con- 
nected to the interior of the test pipe 
by a separate connection from that 
which supplies water for the test. The 
unit tensile strength in bursting shall 
be obtained by the use of the formula: 


2t 


in which S is the bursting tensile 
strength (psi) of the iron, P is the 
internal pressure (psi) at bursting, d 
is the average inside diameter (in.) of 
the pipe and ¢ is the minimum average 
thickness (in.) of the pipe along the 
principal line of break. 

Measurements of thickness shall be 
taken along the principal line of break 
at 1-ft intervals. 

The minimum average thickness 
along the principal line of break shall 
be obtained by averaging the measure- 
ments at the thinnest section at a 
weight of two and at the adjacent sec- 
tions on each side at a weight of one 
each; or, if the thinnest section is at 
the end of the break, by averaging 
this thinnest-section measurement at a 
weight of two and the measurements 
of the adjacent section and the next 
section at a weight of one each. 

Sec. 8-A4—Test Bars 
8-A4.1. Dimensions. Test bars for 
pipe of 30-in. to 48-in. diameter shall 
be 2 in. in diameter and not less than 
26 in. long. Individual test bars may 
vary as much as 3 per cent from the 
standard diameter. 

8-A4.2. Method of casting. The 
bars shall be cast vertically in well 
faced, dry sand molds provided with 


> 
ity 
| 
|_| 
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a suitable pouring basin and mounted 
on a suitable refractory foundation. 
Metal for the bars shall be obtained by 
using a small heated ladle taking its 
metal from the main ladle from which 
the pipe is to be poured. The metal 
shall be taken after all alloys and other 
additional metal, except cast-iron pipe 
scrap for cooling, have been added to 
the main ladle and become melted. 
The bars shall not be removed from 
the mold before they have cooled to 
500°F. 

8-A4.3. Method of testing. The 
bars shall be broken as beams by 
placing them on supports 24 in. apart 
and applying the load at the center 
of the span. The breaking load and 
the corresponding deflection shall be 
observed and recorded. 

8-A4.4. Correcting observed break- 
ing loads and deflections. The bars 
shall be measured at the — of ap- 


as 
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plication of the load and the results 
corrected to standard dimensions by 
the conventional beam formula (for 
bars of 2-in. diameter) : 


& 
dd? 


Corrected W = Observed W X 


Corrected y 


Observed y X 


in which H is the breaking load (lb), 
d; is the measured horizontal diameter 
(in.), dy is the measured vertical di- 
ameter (in.) and y is the deflection 
(in.) at breaking. 


Sec. 8-A5—Deflection Measurements 


All deflection measurements re- 
quired by these specifications shall be 
that of the specimen and shall not in- 
clude any compression of the supports 
or loading blocks, or backlash or dis- 
tortion of the testing machine. 


i* 


« 
a 
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Nom. Pipe Diam. 


3-12 incl. 


14 in. and larger . ee 


TABLE 8.1 


STANDARD DIMENSIONS OF BELLS, SOCKETS, SPIGOT BEADS AND OUTSIDE 
DIAMETERS—-AND WEIGHTS OF BELLS AND SPIGOT BEADS—OF PIPE 
CENTRIFUGALLY CAST IN SAND-LINED MOLDS 


Pipe Thickness Dimensions of Bells 


Weight of 
Bell and 
Spigot 
Bead 


Nom Pipe 
Diam. Outside 
iam. * Diam. Socket Socket 


Diam. Depth 
L d 


I 


3.96 4.76 


4.80 5.60 
5.00 | 5.80 


6.90 || 7.70 | 
6.90 770 
7.10 7.90 
7.10 || 7.90 | 


4 


9.05 9.85 | 
9.05 || 9.85 

9.30 || 10.10 | 
9.30 || 10.10 | 


11.10 || 11.90 | 
11.10 || 11.90 | 
11.40 || 12.20 
11.40 |} 12.20 


— 


13:20 || 14.00 
13.20 || 14.00 
13.50 | 14.30 | 
13.50 | 14.30 
13.50 14.30 


SSsss 


15.30 || 16.10 


15.30 | 16.10 


| 15.65 || 16.45 
| 15.65 || 16.45 
| 15.65 | 16.45 


7 
s 
: d Nominal Laying Length —————> 
of 
| 
a ; 3 0.32 | 0.38 | 0.40 | 3.50 | 1.25 | 1.25 | 0.52 15 
. os 4 0.35 | 0.44 | P| 0.40 | 3.50 | 1.25 | 1.30 | 0.55 19 
0.35 | 0.44 | 0.40 | 3.50 | 1.2 130 | 0.55 | 20 
ess 0.41 0.40 | 3.50 | 1.3 | 048 | 
0.44 | 0.48 0.40 | 3.50 | 1.3 BS | (0.64 29 
< ra 0.38 | 0.41 0.40 | 3.50 ez BS | 0.48 27 
0.44 | 052 0.40 3.50 BS | 0.64 | 30 
| 
> | 8 | 041 | 0.44 0.40 | 4.00 | 1.3 52 | 37 
= net ‘| 0.48 | 0.56 0.40 | 4.00 | 1.3 68 | 43 
> ae = 0.41 | 0.44 0.40 | 4.00 | 1.3 52 || 38 
7 : 0.48 | 0.60 | 0.40 | 4.00 | 1.3 68 | 44 
_ 10 | 0.44 | 0.48 0.40 | 4.00 | 1.5 56 50 
0.52 0.60 0.40 | 4.00 1.3 56 
0.44 | 0.48 0.40 4.00 | 1.5 51 
yf 0.52 | 0 0.40 | 4.00 | 1.5 .73 | 58 
| 
12 0.48 | 0 0.40 | 4.00 | 1.50 | 1. .60 63 
0.56 | 0.40 4.00 1.50 71 
: 0.48 | 0 0.40 | 4.00 | 1.50 | 1. 60 || 64 
7 0.56 0 0.40 4.00 1.50 1. 79 73 
0.76 0.40 | 4.00 | 1.50) 1 95 | 81 
| o48 | 0. | 0.40 | 4.00 | 1.5 70 | 0.64 || 79 
a 0.59 | 0. 0.40 | 4.00 | 1.5 70 | 0.85 | 88 
=) 0.48 | 0. 0.40 | 4.00 | 1.5 70 | 0.64 = 80 
“i | 0.59 0 0.40 4.00 1.50 70 | 0.85 90 
| 0.81 | 0.40 | 4.00 | 1.50 70 | 1.01 || 99 
| 
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TABLE 8.1 (contd.) 


STANDARD DIMENSIONS OF BELLS, SOCKETS, SPIGOT BEADS AND OUTSIDE 
DIAMETERS—AND WEIGHTS OF BELLS AND SPIGOT BEADS—OF PIPE 
CENTRIFUGALLY CAST IN SAND-LINED MOLDS 


Pipe Thickness | Dimensions of Bells | 
Nom. low | Bell and 
iam. | ‘Diam: || socker | | socket | Spigot 
From To | "Joint I h a b c 
} 
im. lb 
16 0.50 | 0.58 | 17.40 | 18.40 | 0.50 4.00 1.75 | 1.75 | 0.67 || 96 
0.63 | 0.73 | 17.40 || 18.40 | 0.50 | 4.00 1.75 | 1.75 | 0.89 | 108 
0.50 | 0.58 | 17.80 | 18.80 | 0.50 | 4.00 1.75 | 1.75 | 0.67 98 
0.63 | 0.79 | 17.80 | 18.80! 0.50 4.00 1.75 | 1.75 | 0.89 110 
0.85 17.80 | 18.80 | 0.50 | 4.00 | 1.75 | 475 | 1.06 122 
| 
18 0.54 | 0.63 | 19.50 | 20.50 | 0.50 | 4.00 | 1.75 | 1.80 | 0.72 | 115 
0.68 | 0.79 | 19.50 | 20.50 | 0.50 4.00 | 1.75 | 1.80 | 0.95 | 428 
4” 0.54 0.63 | 19.92 20.92 | 0.50 4.00 | 1.75 1.80 | 0.72 || 4117 
0.68 | 0.85 | 19.92 | 20.92 | 0.50 4.00 1.75 | 1.80 | 0.95 130 
0.92 19.92 | 20.92 | 0.50 4.00 1.75 | 1.80 | 1.44 145 
20 0.57 | 0.67 | 21.60 || 22.60 | 0.50 | 4.00 1.75 | 1.90 | 0.76 135 
0.72 | 0.84 | 21.60 22.60 | 0.50 | 4.00 | 1.75 | 1.90 | 1.01 149 
0.57 | 0.67 | 22.06 | 23.06 | 0.50 | 4.00 1.75 | 1.90 | 0.76 137 
0.72 0.91 22.06 23.06 0.50 | 4.00 L.75 1.90 | 1.01 152 
0.98 | 22.06 | 23.06 | 0.50 | 4.00 1.75 | 1.90 | 1.24 171 
24 0.63 | 0.73 | 25.80 | 26.80 | 0.50 4.00 | 2.00 | 2.05 | 0.85 || 171 
0.79 | 0.92 | 25.80 | 26.80 | 0.50 4.00 | 2.00 | 2.05 | 1.04 191 
0.63 | 0.73 | 26.32 | 27.32 | O50 4.00 | 2.00 | 2.05 | 985 174 
0.79 -| 0.92 | 26.32 || 27.32 | 0.50 4.00 | 2.00 | 2.05 | 1.04 194 
0.99 | 1.07 | 26.32 | 27.32 | 0.50 | 4.00 | 2.00 | 2.05 | 1.29 || 221 
30 0.73 | 0.85 | 32.00 || 33.00 | 0.50 | 4.50 | 2.00 | 2.25 | 0.97 || 254 
0.92 | 1.07 | 32.00 | 33.00 | 0.50 | 4.50 | 2.00 | 2.25 | 1.20 || 280 
1.16 32.00 33.00 | 0.50 4.50 | 2.00 | 2.25 | 1.49 || 318 
| | 
36 0.81 0.94 | 38.30 | 3930 O50 | 4.50 | 2.00 | 2.45 | 1.00 | 347 
1.02 1.19 | 38.30 | 39.30 | 0.50 | 4.50 | 200 | 2.45 | 1.35 || 390 
1.29 1.39 | 38.30 | 39.30) 0.50 4.50 | 2.00 | 2.45 | 1.67 || 445 
42 0.90 | 1.05 | 44.50 || 45.50 | 0.50 | 5.00 | 200 | 2.65 | 1.20 || 450 
1.13 | 1.32 | 44.50 || 45.50 | 0.50 5.00 | 2.00 | 2.65 | 1.48 || 510 
143 | 1.54 | 44.50 || 45.50 | 0.50 | 5.00 | 2.00 | 265 | 1.83 || 585 
| | 
48 0.98 | 1.14 | 50.80 | 51.80 | 0.50 5.00 | 2.00 | 2.85 | 1.29 556 
1.23 | 1.44 50.80 51.80 0.50 5.00 | 2.00 2.85 161 || 634 
1.56 | 1.68 | 50.80 | 51.80 | 0.50 5.00 | 2.00 | 2.85 | 1.99 || 735 
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TABLE 8.3—-STANDARD THICKNESSES AND WEIGHTS OF PIPE CENTRIFUGALLY 
CAST IN SAND-LINED MOLDS 
These thicknesses and weights are for pipe laid without blocks, on flat-bottom trench, with tamped back- 


fill, under 5 ft of cover. For other conditions see Tables 8.2 and 8.4 hereof and ASA A21.1 (AWWA C101), 
“Manual for the Computation of Strength and Thickness of Cast Iron Pipe.” 


Weight (ld) Based on 


Thickness | Gutside | Laying Length | 16}-ft Laying Length | 20-ft Laying Length 


in. 


Avg. per Per Avg. per Per Avg. per Per 
Foot* Lengtht Foot* Lengtht Foot* Lengtht 


Class 50—50-psi Pressure—115-ft Head 


195 
265 
415 
590 
785 
1,020 


1,195 
1,525 
1,720 
2,015 
2,655 


4,120 
5,455 
7,070 
50.80 551.6 8,825 


Class 100—100-psi Pressur 


195 
265 
415 
590 


346-ft Head 


785 
1,020 1,050 
1,330 
1,605 
1,930 
2,285 
3,195 


1,290 
1,560 
1,875 
2,220 
3,105 


on 


con 


nN 
~ 
oc AaS 


4,405 
5,855 
7,605 
9,435 


4,535 


* Average weight per foot based on calculated weight of pipe before rounding. 
t Including bell and spigot bead. Calculated weight of pipe rounded off to nearest 5 Ib. 


227 
Siz 
in 
3 0.32 3.96 12.4 12.3 205 a 
4 0.35 4.80 16.5 16.4 270 ee ae 
6 0.38 6.90 25.9 25.8 425 a ae 
8 O41 9.05 37.0 36.9 610 
10 0.44 11.10 49.1 49.0 810 i 
12 0.48 | 13.20 63.7 63.6 1,050 63.0 1,260 ae 
| 
14 048 | 15.30 74.6 74.5 1,230 73.7 1,475 yo 
16 0.54 17.40 95.2 95.0 1,570 94.0 1,880 ne Ye 
18 0.54 19.50 107.6 107.4 1,770 106.2 2,125 i a 
20 0.57 21.60 125.9 125.7 2,075 124.2 2,485 
24 0.63 25.80 166.0 165.8 2,735 164.0 | 3,280 ee ee 
30 0.79 257.1 4,240 254.4 5,090 20h ee 
36 0.87 
42 0.97 
48 1.06 
ft Head 
3 0.32 3.96 12.4 12.3 205 
4 0.35 4.80 16.5 16.4 270 a 
6 0.38 6.90 25.9 25.8 425 Pee 
0.41 9105 37.0 36.9 610 
10 0.44 11.10 49.1 49.0 810 
12 0.48 13.20 63.7 63.6 1,050 63.0 1,260 a 
14 0.51 15.30 78.8 1,260 78.7 1,300 77.8 1,555 BEA 
16 0.54 17.40 95.2 1,525 95.0 1,570 94.0 1,880 LOS gee 
18 0.58 19.50 114.8 1,835 114.6 1,890 113.3 2,265 ies 
20 0.62 21.60 135.9 2,175 135.7 2,240 134.2 2,685 oe 
24 0.68 25.80 178.1 2,850 177.8 2,935 176.0 3,520 Peer 
30 0.79 32.00 257.6 4,120 257.1 4,240 254.4 5,090 aan); 
36 0.87 38.30 340.9 5,455 rs 
42 0.97 44.50 442.0 7,070 ee 
48 1.06 50.80 551.6 8,825 cen 
Class 150—150-psi Pressure 
3 0.32 3.96 12.4 195 205 ' 
4 0.35 4.80 16.5 265 270 U 
6 0.38 6.90 25.9 415 425 oe 
8 0.41 9.05 37.0 ee, 
10 044 | 11.10 49.1 
12 0.48 | 13.20 63.7 | 63.0 1,260 ae 
14 0.51 | 15.65 80.7 79.7 1,595 ee 
16 0.54 17.80 97.5 96.3 1,925 Siete: gs 
18 0.58 19.92 117.2 115.8 2,315 aa 
20 0.62 22.06 138.9 137.2 2,745 ea 
24 0.73 26.32 194.0 191.8 3,835 eee 
30 0.85 32.00 275.4 272.2 5,445 
36 0.94 38.30 365.9 
42 14,50 475.3 
48 50.80 58 | 
| 


TABLE 8.3 (contd..—_STANDARD THICKNESSES AND WEIGHTS 


Weight (/b) Based on 


Thickness pene 16-ft Laying Length | 164-ft Laying Length | 20-ft Laying Length 
in. 


| 
Avg. per | Per per Per | Avg. per Per 


Avg. 
Foot* Lengtht Foot* Lengtht | Foot* Lengtht 


200-psi Pressure--462-ft Head 


205 
270 
425 
610 
810 
1,020 a 1,050 


1,380 1,425 
1,665 3. 1,715 
2,025 2,080 
2,385 2.455 
3,355 3,455 


4,765 F 4,905 
6,355 
8,195 
10,195 


3.96 
4.80 
6.90 
9.05 
11.10 
13.20 


15.65 
17.80 
19.92 
22.06 
26.32 


0.99 32.00 318. 5,095 
1.10 38.30 6,810 
1.22 44.50 549.5 8,790 
50.80 10,950 


Class 300-—-300-psi Pressure —693-ft Head 


12.4 
16.5 
25.9 
37.0 


3.96 
4.80 
6.90 
9.05 
11.10 


13.20 1,460 


15.65 j 1,975 
17.80 93: 995 2,390 
19.92 56. 7 3,090 
22.06 3.645 
26.32 241. ry 3,970 4,775 


*t See footnotes on preceding page 


— 
q 
Size 
4 0.35 4.80 16.5 
6 0.38 6.90 25.9 
of 8 0.41 9.05 37.0 
10 0.44 11,10 49.1 
12 0.48 13.20 63.7 63.0 1,260 
ar 14 0.55 15.65 | 86.4 85.4 1,710 
16 0.58 17.80 104.0 102.8 2,055 
18 0.63 19.92 | 126.5 125.0 
a er 20 0.67 22.06 149.1 147.3 2,945 
aa 24 0.79 26.32 | 209.8 207.4 4,150 
= 
ae 30 0.92 32.00 | 297.8 294.3 5,885 
ns 36 1.02 38.30 397.1 
42 1.13 44.50 | 512.3 
48 1.23 50.80 | 637.2 
Class 250—250-p 
3 0.32 | 12.4 195 12.3 205 
0.35 16.5 205 16.4 270 
Se 6 0.38 25.9 415 25.8 425 
8 0.41 37.0 590 | 36.9 610 
10 0.44 49.1 | 785 | 49.0 810 
12 0.52 68.5 | 1,095 | 68.4 1,130 1,355 
14 059 | 92.7 1.485 92.5 1,525 1,830 
‘ 16 0.63 | | 112.9 1,805 | 112.7 1,860 | 2,230 
18 0.68 | 136.3 2,180 | 136.1 2,245 | 2,695 
aA 20 0.72 | 160.1 2,500 | 159.8 2,635 3,165 
24 o70 OR 2 acc 209.5 3,455 4,150 
30 317.9 5,245 6,300 
36 
3 0.32 3.96 195 | 12.3 205 | 
0.35 4.80 265 16.4 270 
6 0.38 6.90 415 | 25.8 425 
8 0.41 9.05 590 36.9 610 
; 10 0.48 11.10 850 | 53.0 875 | 
2 12 0.52 13.20 1,095 68.4 1,130 67.8 1,355 
14 | 0.59 15.65 92.7 1485 | 92.5 +525 | 91.5 1,830 
=. 4 16 0.68 17.80 121.0 1,935 120.8 1,995 119.4 2,390 
18 | @73 19.92 145.4 2,325 145.2 143.7 2.875 
vik 20 | 0.78 22.06 172.2 2,755 171.9 | 2,835 170.3 3,405 
- 24 0.85 26.32 | 224.3 | 3,590 | 224.0 695 | 221.9 4,440 
Class 350—350-psi Pressure —808-f |_| 
3 0.32 | | 12.4 195 | 12.3 205 
0.35 | 16.5 265 | «(16.4 270 
6 0.38 25.9 415 | 25.8 425 j 
8 0.41 
10 0.52 
14 0.64 | 
16 0.68 | 
18 0.79 
‘ 20 0.84 | 
24 0.92 | 
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PIPE CENTRIFUGALLY CAST IN SAND-LINED MOLDS 


size 


nm. 


Laying Condition A 
Laying Condition B 
Laying Condition C 


| Working 
Pressure 
pst 


3}-ft Cover 


TABLE 8.4 


5-it Cover 


Flat-bottom trench, without blocks, untamped backfill 
Flat-bottom trench, without blocks, tamped backfill 

Pipe laid on blocks, untamped backfill 

Laying Condition D—Pipe laid on blocks, tamped backfill 


8-ft Cover 


STANDARD THICKNESSES* OF PIPE CENTRIFUGALLY CAST IN SAND-LINED MOLDS 


Laying Condition 


Laying Condition 


Laying Condition 


A B | Cc 


Thickness —in. 


50 
100 
150 
200 
250 
300 
350 


50 
100 
150 | 
200 | 
250 

300 
350 

50 | 
100 

150 
200 
250 
300 
350 


50 
100 


250 
300 


350 


50 
100 | 
150 | 
200 
250 
300 
350 


50 
100 
150 

200 
250 
300 
350 


| 
50 | 
100 

150 

200 | 
250 | 
300 
350 


| 
150 
200 


0.32 | 0.32 
0.32 | 0.32 
0.32 | 0.32 
0.32 | 0.32 
0.32 | 0.32 
0.32 | 0.32 
0.32 | 0.32 


0.35 | 0.35 
0.35 | 0.35 
0.35 | 0.35 
0.35 | 0.35 
0.35 | 0.35 
0.35 | 


0.38 0.41 
0.38 0.41 
0.38 
0.38 | O44 
0.38 0.44 


| 0.48 
0.41 | 0.48 
0.41 | 0.48 
0.41 | 0.48 
0.41 | 0.48 


0.44 0.52 
0.44 0.52 
0.44 0.52 
0.44 0.56 

0.56 


0.48 

0.48 0.56 
0.48 0.56 
0.48 0.60 
0.52 0.60 


0.60 


0.59 
0.48 | 0.59 
0.51 | 0.59 
0.51 | 0.64 
0.55 | 0.64 
0.59 0.69 
0.64 | 0.69 


= 
NN 


| 0.32 | 0.32 | 0.32 

0.32 | 0.32 | 0.32 
| 0.32 | 0.32 | 0.32 
|| 0.32 | 0.32 | 0.32 
| 0.32 | 0.32 | 0.35 
|| 0.32 | 0.32 | 0.35 
|| 0.32 | 0.32 | 0.35 


|} 0.35 | 0.35 | 0.35 
0.35 | 0.35 | 0.35 
0.35 | 0.35 | 0.38 
0.35 | 0.35 0.38 
0.35 | 0.35 | 0.38 | 
0.35 | 035 | 0 


38 38 | 0.44 | 
| 0.38 | 0.38 | 0.44 
0.38 | 0.38 | 0.44 
0.38 | 0.38 | 0.44 
38 | 0.38 | 0.44 


41 | O41 
O41 | O41 | 0.48 | 
|| O41 | O41 | O52 | 
| oat | O52 | 
| | 0.41 


0.44 | 0.44 | 0.52 
0.44 | 0.44 | 0.56 
0.44 0.44 0.56 | 
0.48 | 0.44 | 0.56 
0.48 0.48 0.56 


0.48 | 0.48 | 0.56 
0.48 | 0.48 | 0.56 
0.48 | 0.48 | 0.60 
| 0.52 | 0.52 | 0.60 
0.56 | 0.52 | 0.60 


| 0.55 | 0.51 0.64 
0.55 | O51 | 0.64 
0.55 | 0.55 | 0.64 
0.59 0.59 0.69 
0.64 0.59 0.69 
0.64 0.64 0.75 


~ 
= 


0.64 
0.69 


- 
NNNNN NN 


wwe 
mn 


| 0.32 | 0.38 

| 0.32 | 0.38 

| 0.32 | 0.38 

| 0.32 | 0.38 
0.32 | 0.38 
0.32 | 0.38 
0.32 | 0.38 
0.35 | O41 
0.35 | O41 
0.35 | O41 
0.35 | 0.44 
0.35 | 0.44 
0.35 | 0.44 
0 


| 0.38 | 0.48 
| 0.38 | 0.48 
| 0.38 | 0.52 
0.38 | 0.52 
0.38 | 0.52 


41 0.56 
0.41 0.56 
0.41 0.56 
O41 0.56 
0.44 0.60 


0.60 


0.60 

| 0.44 | 0.60 
' 0.44 | 0.60 
0.48 0.60 
0.48 | 0.65 
0.52 | 0.65 


0.65 
0.52 0.65 
0.52 0.68 
0.56 0.70 
0.56 0.70 


55 | 0.69 

| 0.55 | 0.69 
| 0.59 | 0.75 
| 0.59 | 0.75 
0.64 | 0.75 
| 0.64 0.81 
0.69 0.81 


and either water hammer or truck load, 


ve 
B D D A B D 
3 0.3 0.32 
0.3 0.32 
0.3 0.32 
0.3 0.32 
0.3 0.32 
0.32 
0.32 
4 0.35 
0.35 | 0.35 
0.35 0.35 
0.35 0.35 
0.35 | 0.35 
0.35 35 O. | 0.35 
0.35 35 || 0. | 0.35 
6 0.38 38 0. 0.38 
0.38 38 || O 0.38 
0.38 | 38 0 | 0.38 ae 
| 0.38 38 0 | 0.38 
| 0.38 38 || 0. | 0.38 Se 
0.38 | | 0.38 
0.38 38 || O | 0.38 
8 O41 41 || 0 0.41 
0.41 Al 0. O41 
0.41 AL) O. O41 
0.41 41 || 0 0.44 
0.41 Al 0. 0.44 
O41 41) 0. 0.44 
| O41 | 44 0 0.48 
| 
10 | 0.44 | 44 0. 0.48 ae 
| 0.44 44 || O. 0.48 
0.44 4) 0 0.48 
0.44 44 |} O. 0.52 
0.44 48 || 0. 0.52 
0.48 48 || O. 0.56 
0.48 52 || 0. 0.56 ! 
12 0.48 48 0 0.52 is 
0.4 0.48 48 0. 0.52 
| 04 0.48 48 || 0. 0.56 
0.4 0.48 52 || 0. 0.56 
| 0.52 | 52 || O. 0.60 
| 0.52 | 56 || Ou | 0.60 
14 | 0.51 | ss || 0. | 0.59 
| 0.55 | 55 0. 0.64 
| 0.55 | 59 || 0. 0.64 
| 0.59 59 |) Ou | 0.69 
| 0.59 0.69 
| 0.59 ( 0.69 
| 0.64 0.75 
* Thicknesses include allowances for foundry practice, co 
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TABLE 8.4 (contd.) 
STANDARD THICKNESSES* OF PIPE CENTRIFUGALLY CAST IN SAND-LINED MOLDS 


Laying Condition A—Flat-bottom trench, without blocks, untamped backfill 
Laying Condition B—Flat-bottom trench, without blocks, tamped backfill 
Laying Condition C—Pipe laid on blocks, untamped backfill 
Laying Condition D—Pipe laid on blocks, tamped backfill 


34-ft Cover 5-ft Cover 8-it Cover 


Eee Laying Condition Laying Condition Laying Condition 
Working 
Pressure 


Thickness—in. 


0.54 | 0.63 | 0.58 
0.54 | 0.68 | 0.58 
0.54 | 0.68 | 0.63 
0.58 0.68 | 0.63 
0.63 | 0.73 | 0.68 
0.68 0.73 0.68 
0.68 | 0.79 0.73 


0.54 | 0.68 | 0.63 
0.58 | 0.73 | 0.63 
0.58 | 0.73 | 0.68 
0.63 | 0.73 | 0.68 
0.68 | 0.79 0.73 
0.73 | 0.79 | 0.79 
0.79 | 0.85 0.79 


0.57 0.72 0.67 
0.62 0.78 0.67 
0.62 0.78 0.72 
0.67 0.78 0.72 
0.72 0.84 0.78 
0.78 0.84 0.84 
0.84 0.91 | 0.84 


0.63 0.79 0.73 
0.68 | 0.85 0.79 
0.73 0.85 0.79 
0.79 0.92 0.85 
0.79 0.92 0.85 
0.85 0.99 0.92 
0.92 0.99 0.99 07 0.99 


0.79 0.92 0.85 0.85 
0.79 0.99 0.92 te 0.85 
0.85 0.99 0.92 0.92 
0.92 1.07 0.99 7 
0.99 07 


0.87 10 
0.87 


| 


, and either water hammer or truck load, 


| 
: 
Size 
Oa | | 
3 16 50 0.54 | 0.50 | 0.63 | 0.58 | 3 | 0.58 | 0.73 | 0.63 
se ou 100 0.54 | 0.54 | 0.63 | 0.58 || 0.58 3 | 0.58 | 0.73 | 0.68 
.. @ | 150 0.58 | 0.54 | 0.63 | 0.58 || 0.58 8 | 0.63 | 0.79 | 0.68 
E 200 0.58 | 0.58 | 0.68 | 0.63 0.63 8 | 0.63 | 0.79 | 0.73 
| 250 0.63 0.58 0.68 0.63 0.63 3 0.68 0.79 | 0.73 
; 300 0.63 | 0.63 | 0.73 | 0.68 || 0.68 3 | 0.73 | 0.85 | 0.79 
350 0.68 0.68 0.73 0.68 0.73 ) 0.73 | 0.85 0.79 
| | 
as. 18 50 || 0.58 | 0.54 | 0.63 | 0.58 || 0.58 8 | 0.63 | 0.79 | 0.68 
: 100 0.58 0.54 0.68 0.63 || 0.63 a) 0.63 0.79 0.73 
. 4 150 0.63 | 0.58 | 0.68 | 0.63 || 0.63 3 | 0.68 | 0.79 | 0.73 
“4? = 200 0.63 | 0.58 | 0.73 | 0.68 0.68 3 | 0.68 | 0.85 | 0.79 
." as 250 0.68 | 0.63 | 0.73 | 0.68 || 0.68 9 | 0.73 | 0.85 | 0.79 
3s 49 300 0.68 | 0.68 | 0.79 | 0.73 || 0.73 » | 0.79 | 0.92 | 0185 
7 : 350 0.79 | 0.73 | 0.79 | 0.79 } 0.79 5 | 0.85 0.92 | 0.85 
20 50 0.62 | 0.57 | 0.72 | 0.62 0.¢ 2 | 0.67 | 0.78 | 0.72 
100 0.62 | 0.57 | 0.72 | 0.67 || 0.6 2 | 0.67 | 0.84 | 0.78 
- 150 0.67 | 0.62 | 0.72 | 0.67 || 0.6 3 | 0.72 | 0.84 | 0.78 
; 200 || 0.67 | 0.62 | 0.78 | 0.72 || 0.72 8 | 0.72 | 6.91 | 0.84 
| 250 || 0.72 | 0.67 | 0.78 | 0.72 | 0.78 1 | 0.78 | 0.91 | 0.84 
300 || 0.78 | 0.72 | O84 | 0.78 i 0.78 + | 0.84 | 0.98 | 0.91 
350 || 0.84 | 0.78 | 0.84 | O84 | 0.84 1 | 0.84 | 0.98 | 0.91 
5 so || 0.68 | 0.63 | 0.79 | 9.68 || 0.73 0.85 | 0.79 
— 100 0.73 | 0.63 | 0.79 | 0.73 || 0.73 0.92 | 0.85 
; je 150 0.73 | 0.68 | 0.79 | 0.79 || 0.79 0.92 | 0.85 
200 «|| 6.79 | 0.73 | 0.85 | 0.79 || 0.79 0.99 | 0.92 
+ 250 0.79 | 0.79 | 0.85 | 0.85 0.85 0.99 | 0.99 
: 300 0.85 | 0.85 | 0.92 | 0.85 || 0.92 1.07 | 0.99 
. a 350 0.92 | 0.92 | 0.99 | 0.92 || 0.99 1.07 | 1.07 
cere: Sonne 0 50 0.85 0.73 | 0.85 | 0.85 0.85 0.99 0.92 
Sha, Oe 100 0.85 | 0.79 | 0.92 | 0.85 0.92 1.07 | 0.99 
+ te ; 150 0.92 | 0.79 | 0.92 | 0.92 || 0.92 | 1.07 | 0.99 
_* ae ih 200 0.92 | 0.85 | 0.99 | 0.92 || 0.99 | 1.16 | 1.07 
iat : ; 250 0.99 | 0.92 | 1.07 | 0.99 1.07 1.16 | 1.16 
| | | 
: on : 36 50 || 0.94 0.81 | 1.02 | 0.94 1.02 | P| 0.94 1.10 | 0.94 1.19 1.02 
ys 100 0.94 0.87 1.02 0.94 1.02 02 1.10 1.02 1.19 1.10 
150 || 1.02 0.87 | 1.10 | 1.02 || 1.10 | 02 || 1.19 | 1.02 | 1.19 | 1.19 
ae 200 1.10 | 0.94 | 1.10 | 1.02 || 1.10 | 1.02 | 1.19 | 1.10 |} 1.19 | 1.10 | 1.29 | 1.19 
250 || 1.10 | 1.02 | 1.19 | 1.10 |} | 1.10 | 1.29 | 1:19 1.20 | 1:19 | 1:39 | 1.20 
._ 42 50 1.05 | 0.90 | 1.13 | 1.05 |} 1.13 | 0.97 | 1.13 | 1.05 |] 1.22 | 1.05 | 1.32 | 1.13 
100 1.05 | 0.97 | 1.13 | 1.05 || 1.13 | 0.97 | 1.22 | 1.13 |] 1.22 | 1.13 | 1.32 | 1.22 
- | 150 1.13 | 0.97 | 1.22 | 1.13 |} 1.22 | 1.05 | 1.22 | 1.13 |} 1.32 | 1.13 | 1.32 | 1.32 
3 200 1.22 | 1.05 | 1.22 | 1.43 |] 1.22 | £13 | 1.32 | 1.22 |] 1.32 | 1.22 | 1.43 | 1.32 
250 1 0.52 1.82 | 4.22 | 248 2.32 1.43 | 1.32 | 1.54 | 1.43 
| | 
F 48 50 1.14 | 0.98 | 1.23 | 1.14 } 1.23 | 1.06 | 1.33 | 1.14 || 1.33 | 1.44 | 1.44 | 1.33 
* 100 1.23 | 1.06 | 1.23 | 1.14 |] 1.23 | 1.06 | 1.33 | 1.23 |] 1.33 | 1.23 | 1.44 | 1.33 
zs - 150 1.23 | 1.14 | 1.33 | 1.23 |] 1.33 | 1.14 | 1.44 | 1.33 || 1.44 | 1.33 | 1.56 | 1.44 
we 200 1.33 | 1.14 | 1.44 | 1.33 |] 1.44 | 1.23 | 1.44 | 1.33 || 1.56 | 1.33 | 1.56 | 1.44 
ae 250 1.44 | 1.33 | 1.44 | 1.33 |} 1.44 | 1.33 | 1.56 | 1.44 || 1.56 | 1.44 | 1.68 | 1.56 
' ce * Thicknesses include allowances for foundry practice, corr Mo 


The brass really shone in New 
York last January 18-20, high in the 
upper reaches of the Park-Sheraton 
Hotel—AWWA brass, that is, in at- 
tendance at the annual meeting of the 
Board of Directors. Not only did it 
shine, but it managed, too, to polish off 
a tremendous amount of work in its 48 
hours of what sometimes threatened to 
have to be continuous session. A re- 
sume of its admitted activities has al- 
ready been presented in the January 
31 letter to all members, more detailed 
reports will appear in next month’s 
JouRNAL, but with more than 40 such 
heads together, you can bet that wasn’t 
all! 

At least some of the unreported ac- 
tivities were entirely reportable. There 
was, for instance, the time out for feast 
on Sunday evening, when Oregon 
pears, Washington king salmon, and 
Idaho potatoes, contributed by the 
Pacific- Northwest Section, made every 
piece one de resistance. Resisting, too, 
its status as has-been host, was the 
Florida Section, which somehow snuck 
in a token treat of cumquats—later 
labeled California oranges. And din- 
ner done that evening, there was fruit 
of another Orchard to be enjoyed 
even when Bill himself was officially 
installed as a monkey’s uncle during 
the traditional aid-the-digestion session 
which he conducted. Not only fun 
and games, either, but riches, too, for 


Np 


one lucky lady at every table, for 
Arthur (Quarter) Beck who proved 
more than a match for everyone, and 
for the sagest of the 66 who spread 
their guesses from 1,654 to 2,203 in 
foretelling the attendance at Grand — 
Rapids. 

Back to work on Sunday night, but 
Monday evening was free and easy- 
which meant that Broadway was vir-— 
tually flooded. What the legitimate — 
theaters couldn’t absorb, Radio City 
Music Hall did, and with more than — 
ordinary obsequiousness—staging a 
show called “Many Waters,” which 
could only have been planned for the 
occasion. Theaters, movies, sports, — 
sightseeing, and so many other things 
to do that at least one director went 
home convinced that in New York 
even the pursuit of pleasure is sort — 
of a ratrace. 

Extracurriculation on the final day 
took the form of a special tribute to 
Rollo Blanchard, secretary of the New 
York Section for the past twenty years, 


on his retirement from full-time vice 

presidency of the Neptune Meter Co. 

And, at last, when the work was over, 


it was the New York Section that saved 
the pieces by a chickenfeed and by do- 
ing them honor en masse at a luncheon 
that was actually planned for them. 
All of which is intended to prove 
that, though brass is difficult to bend, 
it does unbend easily. . 


(Continued on page 34 P&R) 
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(Continued from page 33 P&R) 


Willing Water rides again—this paltry pennies, but that comes later in 
time astride all AWWA mail. As a_ the game. Meanwhile, so that none of 
matter of fact it was primarily to pro- you get our one-third share we'll not 
vide Willie still another saddle that the reveal the unrevealed name of the 
Association switched from stamp lick- 45 per cent pure millionaire bankrupt, 
ing to metering its postage at the end addressed “F.” 
of last year. Pictured here is Willie’s 
first ride, just as he makes it, letter by Chemistry, which, in the words of 


GRAND one of its premier practitioners, pro- 


vides “better things for better living,” 
RAPIDS has now apparently turned its atten- 


7 AWWA’s 73rd Conference tion to better living things—football 
7 May 10-15 players, no less. Perhaps it was more 
envy than anything else that caused 

letter, to tell the world about Grand our snort at the ‘“All-Chemical All- 
Rapids. With the thought that you, American Football Team” pictorially 
too, may want to tell the world, the presented in the December 8 issue of 
Association has worked out a program Chemical and Engineering News. 
for making plates for postal meters and After all we might have trouble even 
electrotypes for other advertising avail- finding enough water works majors to 
able to any member who wants them. choose up sides for tiddlywinks, much 
Details were announced in the Feb- less water polo. Which leads us to 
ruary issue of Willing Water. wonder if that isn’t our fault more 
than theirs. What price water courses ? 
Just Add Water,” too, in other 
fields than food. Latest use of the ex- 
pression was in an advertisement for 
Sakrete, a premixed concrete or mortar 
more than 70 per cent water it cer- have our drops in another bucket see 
tainly won’t be long before someone right through steel into what really 
works that out. As a matter of fact, : 
we've already placed our order for two 


Steel steals the production head- 
lines—and with the big new Fairless 
plant coming in, it’s bound to be even 


makes the headlines. Consider, for in- 
: stance, what went into the record 105,- 
typists and a stenographer. 000,000-ton production of steel in 1951: 


A new gold brick seems to have -_ 130,000,000 tons of iron ore - 
been offered to a number of AWWA 100,000,000 tons of coal ~ = 
members in this vicinity as a variation _ 68,000,000 tons of coke 

on the old Spanish prisoner of war ——36,000,000 tons of limestone 
swindle. This one is a Mexican bank- — ¥ 58,000,000 tons of scrap 

rupt with $450,000 in U.S. funds see 2,500,000,000 gal of fuel oil 


creted in a trunk now in the hands of gal and 
U.S. customs. All you have to do to 


27,611,000,000 kwh of electric power 


get one-third of “said sum iS - ~~ 6 300,000,000,000 gal of water 
(but we’ve been begged “to treat this 


matter with the utmost reserve and Even on a tonnage basis that gives 
discretion”). Suffice it to say that water a weight advantage of 250 to 1. 
your $150,000 will cost you a few And that’s not even heavy water. 


(Continued on page 36 PER) 
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: Get 
set for 


Water works officials are invited to write to our nearest 


* office for complete information regarding the Threshold 
Odor method of controlling tastes and odors. 


The Threshold Odor Test supplies a relatively simple 
means of measuring odor intensities in water. With this 
test it is possible to determine the quantity of Aqua Nu- 
char Activated Carbon which will be most effective for re- 
moving unwanted tastes and odors from any individual 
water supply. 


Threshold Odor Experts from our Technical Service De- 
partment are available to study your taste and odor prob- 
lems without cost or obligation. 


* 
indus'rial 
CHEMICAL SALES 


division west virginia pulp and paper company 


New York Central Building Pure Oli Bidg. Lincoin-Liberty Bidg. 2775 Moreland Bivd. 
230 Park Avenue 35 E. Wacker Drive Broad & Chestnut Sts. At Shaker Square 
New York 17, N. Y. Philadelphia 7, Pa. Cleveland 20, Chic 


: 
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Let us help you check | 

XR 

VODA 

Your Tastes and Odors | — 

‘ 
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AMERICAN 
WATER WORKS 
ASSOCIATION 


Engineers interested in multi-state 
registration are advised by Frank H. 
chairman of the Colorado 
Board of Registration, to obtain a “Cer- 
tificate of Qualification” from the Na- 
tional Bureau of Engineering Regis- 


tration. The bureau, an agency of the 


| Nitin Council of State Boards of 
Engineering Examiners, cannot itself 
register engineers, but its certificates 
are accepted by most registration boards 
and greatly minimize the trouble and 
expense of verifying references and 


Boards of 
P.O. Drawer 1404, Columbia, S.C. 


facts. Further information may be 
obtained from an information pamphlet 
issued by the National Council of State 

Engineering Examiners, 


A Buffalo, N.Y., sales office at 3053 


Main St., Buffalo 14, has been opened 
by Builders-Providence, Inc., and 
Omega Machine Co. The office will 
be listed as B-I-F Industries Buffalo. 


Henry C. Marks, director of chemi- 
cal research for Wallace & Tiernan Co., 
Inc., has been elected chairman of the 
American Chemical Society’s Div. of 
Water, Sewage, and Sanitation Chem- 
istry. Other officers chosen are Thurs- 


(Continued on page 38 P&R) 


ton E. Larson, head of the Illinois State 
Water Survey’s Chemistry Subdivision, 
as vice-chairman; John T. Cross, prin- 
cipal filtration chemist at Chicago’s 
South Dist. Filtration Plant, as secre- 
tary; and Frederick K. Lindsay, as- 
sistant manager of the National Alumi- 
nate Corporation’s Zeolite Dept., as 
treasurer. 


Clyde R. Harvill, sanitary engineer 
for the Houston, Tex., Water Div., 
has been appointed superintendent of 
the San Jacinto water system, in which 
capacity he will operate the filter plant 
now under construction. He had 
served the city of Houston for the past 
23 years. For a while last year he 
was on loan to the Water & Sewage 
Div. of the National Production 
Authority. 


M. O. Peirce, of the operating staff 
of New York Water Service Corp., has 
joined the Universal Concrete Pipe 
Co., with headquarters at Columbus, 
Ohio. 


Chlorine production expansion 
called for by the National Production 
Authority has been attained—by a 55 
per cent increase in 1952—along with 
40 of 56 other chemical expansion 
goals. Still unmet is the activated car- 
bon goal, despite a 30 per cent increase 
in capacity in the past year; but well 
over the top is soda ash, with nearly 
500,000 more tons of producing capac- 
ity than water works and other indus- 
try are calling for. 


W. Bedford Brown, vice-president 
of Well Machinery & Supply Co., died 
on December 25 in Fort Worth, Tex., 
at the age of 59. He had been in ill 
health for the past five years. aie 
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7 | GRAVER gives you 


ZEOLITE 
WATER SOFTENERS 


a with a choice of 


‘DIFFERENT 


GRAVER zeolite water softener designs in- 
clude 4 types of controls: 


 * Multiport disc valve, operated manually 


2. Multiport poppet valve, operated manu- 
ally and automatically. 


3. Standard gate valves, operated manually 


4. Individual diaphragm valves, with auto- 
matic and manual pilot control 


All components of each type of GRAVER 
control are standard available equipment, of 
proven operating dependability, ease of ad- 
justment and low maintenance cost, and with 
readily obtainable replacement parts. 
GRAVER Zeolite equipment includes sodium 
and hydrogen zeolite softeners, hot zeolite 
after-treatment, and demineralizers; and 
GRAVER Zeolites include all the modern 
highly effective synthetic resins of proven per- 
formance, checked by experts in the field of 
ion exchange. 
Write for your free copy of the technical 
paper “Present Practices in the Use of Ion 
Exchangers.”’ 


GRAVER WATER CONDITIONING co. 
Division of Graver Tank & Mfg. Co., Inc. 
DEPT. AWW-Z, 216 WEST 14th STREET, NEW YORK 11, N.Y. 


of Equip for ALL Water Conditioning P: 
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Hep, as far as we're concerned, is 
the present word for General Electric, 
which is busily at work in the national 
advertising pages of our popular maga 
talking about “our terrible 
The extent the national 


thirst.” of 


thirst, the problems of quenching it, 
and the accomplishments of the na- 


tion’s water utilities are the theme of 
GGE’s education and appreciation. .\ll 


of which ought to give us enough of a 
— glow to kindle some local implementa- 


tion of the campaign. 


Get hep your- 
self and make your customers heppy! 

A proposition with teeth in it is 
the advertisement by the clerk of Mount 


Dora, Fila., offering two-year-old fluo- 


warring. 


ridation equipment at half price. The 
story is gory, with overtones of civil 
Not trial and error at all, 


SIMPLICITY of American Meters 
PAYS OFF for You! 


Buffalo AMERICAN Meters are simply 

designed, with fewer working parts 

— save money for you through lower 

maintenance and replacement costs. 
Write for details. 


BUFFALO METER 
COMPANY 


2914 Main Street 
Buffalo 14, New York 


45,No.2 
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though perhaps trial by error. Cer- 
tainly with the demand elsewhere, this 
ought to be classicized as “cheap at 
half the price.” 


Stark rationalization it must have 
been that led the “poet,” C. Stark, to 
pen these infamous lines: 

Wine to the poet is like a winged steed; 
He who drinks water gains but little speed. 


Surely he was riding for a fall. 


Curnonsky rationalization it cer- 
tainly was that led the 80-year-old 
prince, known as dean of French gour- 
mets, to say of drinking water: “I’ve 
an iron constitution and I’ve no inten- 
tion of letting it get rusty at my age.” 
He didn’t realize that “cast-iron pipes 


serve for centuries.” 
(Continued on page 40 P&R) 


TRANSITE FILTER BOTTOMS 


CUT YOUR FILTRATION COSTS 


THESE FEATURES: 


consistently-uniform backwash 

V long-lasting materials 

V economic installation 

V strong, stable support aa 


OFFERS SUPERIOR FILTER PLANT 
PERFORMANCE AT LESS COST 


Write for More Information 
FILTRATION [EQUIPMENT CORPORATION 


P. O. BOX 1331 * ROCHESTER 3, N. Y. 
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2 for inserting control valves where 
a shutdown is impractical 


H-800 INSERTING VALVE 


New smaller valve sleeve 
permits fast, easy installa- 
tion in minimum space. 
Valve mechanism is the 
same as standard Mueller 
gate valve (repair parts in- 
terchangeable). Sizes 4”, 
5”, and 8” (sizes of valves 
Morrespond to size of main). 


RPRILLING MACHINE 


he C-C hand-operated or C-1 
power-operated machine may be 
used for both drilling the main 
and inserting the valve plug. 

.. The C-1 machine may be oper- 
ing units plus a slide be ated either by the H-660 Air 
mits the drilling of the 1 Motor or the new H-602 Gaso- 

line Engine Drive Unit. 
ily and safely, with no ter ae eer 


= Write for Catalog H-20 


H-602. Complete illustrated in- 
struction manuals and parts list os 
shipped with equipment. 


> 


ve 


MUELLER CO. 


Dependable Since 1857 


MAIN OFFICE & FACTORY DECATUR, ILLINOIS 
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Sad Shad is the character selected 
by the Middlesex County, N.J., Sewer- 
age Authority to tell the tragic tale of 
a polluted Raritan River system and 
what it means in terms of health, in- 
dustry, recreation, and property values. 
It is Sad Shad with a clothespin on 
his nose, too, who gives the answers 


» 


28 pages of them—that point to a 
$30,000,000 trunk sewer and sewage 
treatment plant that would more than 
take the place of the 44-plus plants 
required to do the job on an individual 
community and industry basis. It’s a 
real selling job that the authority does 
in the booklet, and what makes it so 
much sellier than the same facts in any 
other form is the personality of Sad 
Shad. So far as cartoons are con- 
cerned these days, nothing—not even 
sewage works—is sacred, and every- 


a 
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(Continued from page 38 P&R) 


thing is thereby readabler and believ- 
abler. All of which prompts us to 
remind you: if you have something to 
sell, just add Willing Water! 


Speaking of characters, though, 
Myrtle the Turtle might well qualify as 
precursor to the current crop, limited 
though she was by being alive. Myrtle 
it certainly was who made one of the 
telling, if not decisive, moves in con- 
vincing Midland, Mich., that it should 
abandon its Tittabawasse River sup- 
ply in favor of a joint Lake Michigan 
system with Saginaw. Just like a 
woman, too, she did it so you wouldn't 
notice it—in the riverside wet well 
from which the city pumped its supply. 
“Tnexplicable” was what the authorities 
called Myrtle’s activities, for their only 
manifestation was the chronic water- 
lessness of the pum) suction despite a 
wet wet well, a clean screen, and per- 
fect pumps—a waterlessness, too, that 
could be cured merely by a momentary 
stopping of the pumps. It wasn’t until 
all reasonable possibilities had been 
exhausted that someone thought to see 
for himself and caught Myrtle in the 
act—all of her 18 in. diam. tight against 
the pump intake until the pumps were 
stopped to release her. Precursor or 
not, we can definitely report her a 
predecessor. 


(Continued on page 42 P&R) 


P. O. Bex 307 


Filter Sand and Gravel 


Well Washed and Carefully Graded to Any Specification. 
Prompt Shipment in Bulk or in Bags of 100 Ib. Each. anr 


Inquiries Solicited 


NORTHERN GRAVEL COMPANY 


Muscatine, lowa 


— 
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WATER...one of 187 
served by General Chemical 


BASIC CHEMICALS 


FOR AMERICAN INDUSTRY 
€ 


J 


General Chemical Quality Products 
For the Water Industry 


COAGULATION BOILER WATER 
Aluminum Sulfate, Standard Sodium Sulfate, Anhy. 
Aluminum Sulfate, Liquid Disodium Phosphate, Anhy 
Ammonium Alum Trisodium Phosphate 
Potassium (Potash) Alum Sodium Silicate 
Sodium Silicate Sulfuric Acid 
FLUORIDATION CORROSION CONTROL 
Sodium Fluoride Sodium Silicate 
Sodium Silicofluoride Tetrasodium Pyrophosphate 
Hydrofivoric Acid OTHER USES 
DECHLORINATION Glauber's Salt, Crystal 
Sodium Sulfite Aqua Ammonia 
Sodium Bisulfite, Anhy Hydrochloric Acid (Muriatic) 
Sodium Thiosulfate Copper Sulfate 
For Laboratory Analyses: Baker & Ad lob 
GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
Albany * Atlanta * Balumore * Birmingham Boston * Bridgeport * Buflalo 
atlouwe Chicago * Cleveland Denver * Detroit Greenville (Muss Houston 
— * Kalamazoo ¢ Los Angeles * Minneapolis * New York * nie 
wsburgh Providence St Lows San Francisco * Seattle Yakima (Wa: 
Wisconsin General Chemical Company. Inc., Milwaukee Wis. 
tm Canede: The Nichols Chemical Compeny, Limited Montreal Terente * Vancouver 


iy 
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Ava Gardner as a reminder of the 

_ past may require some stretch of the 

_ imagination, but, actually, we’re only 
~ : thinking of her stomach. It was that 
that came to grief in the back country 


of Kenya colony, East Africa, when 
Ava imbibed some of the local water. 
_ With water quality up to its present 
. snuff in our own part of the world, 
our people don’t seem well enough 
aware of the ancient dangers of drink- 
ing. Nothing old-fashioned though 
about the treatment of Ava’s maladied 
midriff, which was flown from Kenya 
to London for hospitalization and a 
series of 42 antibiotic injections. Oh 
Ava went along for the ride. 


Roswell M. Roper, engineer and 
general manager of the East Orange, 
_N.J., Board of Water Comrs., has re- 


V 0145, No.2 
of an 


tired aiter 44 years of service to his 
community water supply, 35 of them 
in the capacity of engineer. A _ past 
chairman of the New Jersey section, 
he received its Fuller Award in 1949. 


A new Texas office has been opened 
by Belco Industrial Equipment Div. 
with Joseph Stoy, project engineer for 
the past three years, as branch man- 
ager. The office will be located at 
2009 Fannin St., Houston. Other 
changes announced by the firm include 
the appointment of Hapgood Kipp as 
district manager for the Belco Phila- 
delphia office, the appointment of Vin- 
cent R. Cioffi as sales manager of the 
firm at Paterson, N.J., headquarters, 
and the opening of a branch office at 
4418 Vineland Ave., North Hollywood, 
Calif., with Martin J. Sherry in charge. 


(Continued on page 44 P&R) 


On their reputation for 
performance, Kup- 
ferle Fire Hydrants 
deserve consider- 
ation for any 
installation. 


Full lines fo: 
public and pri- 
vate installa- 
tions. 
Sead fer 


pecification 
sheets. 


= 
Joun C. KuPreae 
Founory Ce. 


PALMER SURFACE 
WASH SYSTEMS 
are specified by 


water works engineers 


. Prevent Sand Beds From Cracking. 
. Eliminate Mud Balls. 

. Save Wash Water. 

. Lengthen Filter Runs. 

. Higher Rates of Filtration. 

. Better Tasting Water. 


Write today for Bulletin 451 and a list of woter 
purification plonts that hove gone modem. 


STUART 


3 
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DENVER, COLO.— x 9,100 ft. elevation 


and 10° temperature, construction of Denver’s 
new 54” Ranch Creek line went forward with 
steel pipe joined by Dresser Comin The line 
carries water to the Moffat Tunnel to help 
provide for Denver’s rapid growth. 


A DRESSER-COUPLED 
STEEL LINE 


delivers 
water 
cheaper , 


No matter if your problem is terrain .. . 
weather ... labor ... or time... the 
cheapest way to deliver water to the place 
where it turns into revenue is with a 
Dresser-Coupled steel line. It’s the ex- 
perienced engineer's way to get a superior 


line and still reduce installation and main- Be Sure you, too, get the best line at 
the best price. Put steel pipe and Dresser 


Once you have discovered the ease of 
construction of such a line, you'll know 
why more and more engineers specify them 
every year. Long, sirong sections of steel 

ipe are easily put in place and quickly 
joined with factory-made, virtually fool- 
proof Dresser Couplings. Construction 
»roceeds rapidly even over rugged terrain 
like that shown here. 

Leakage losses are eliminated. Controlled 
gasket pressure, provided by the bolting-up 
process in a Dresser Coupling, is your as- 
surance of the correct sealing pressure all 
around the joint. Resilient Dresser gaskets 
absorb stresses from vibration, contraction 
and expansion, yet keep the joint “flexible- 
tight”. 

Maintenance is cut to the bone, too. 
Dresser Couplings last for life, and the 
absence of heat in joining prevents damage 
to glass-smooth pipe linings. High carrying 
capacity is sustained. 

Experience all over the world proves 
that a Dresser-Coupled steel line gives 
you the ultimate in performance and econ- 
omy. See your Dresser Sales Engineer or 
write our Bradford Office for literature. 


Couplings in your specifications. 


DRESSER 


cou 


Dresser Manufacturing Division, 59 
Fisher Ave., Bradford, Pa. (One of the 
Dresser Industries). Warehouses: 1121 
Rothwell St., Houston, Texas; 101 S. 
Bayshore Highway, South San Fran- 
cisco, California. Sales Offices: New 
York, Philadelphia, Chicago, Hous- 
ton, South San Francisco. In Canada: 
629 Adelaide St., W., Toronto, Ont. 
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Calling all vest pockets is the new- 
est thing in radio communication—a 
radio paging service using really vest- 
pocket size receivers capable of picking 
up messages within a 25-mile radius 
of the transmitting station. Actual di- 
mensions of one of these “better mouse- 
traps,” or “walkie-hearies,” are 5 x 2 
x J-in., about the same as a king-size 
cigarette pack, but containing three 
tiny tubes, receiving and relaying equip- 
ment, a push-button tuner, and a 4-in. 
plastic aerial. Companies subscribing 
to the service, at $12 to $20 per month 
per receiver, phone their calls to a 
central office; the calls are then trans- 
mitted repeatedly using the name or a 
code number of the person called, the 
receiver calls his own office for in- 
structions, and the office informs cen- 
tral that the call has been received. 


(Continued on page 46 P&R) 
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For the moment, the service is avail- 
able only in the larger cities, but it is 
spreading rapidly as doctors, sales or- 
ganizations, and service groups begin 
to find it saves time, trouble, and money 
in their work. New York’s Aircall, 
Inc., and Cincinnati's Page-ette were 
the pioneers, the former in business for 
two successful years; but within the 
past two months a dozen or more other 
cities introduced or prepared for this 
peanut page. Right now the economics 
of small range and population density 
are bound to restrict the service to 
metropolitan areas, but in this age of 
atomics and transistors it shouldn’t 
take too long to breach the 25-mile 
limit and fix it so that even the small- 


town water works man can wear his 
vest to work, 


M-SCOPE Pipe Finder 


“ LIGHTWEIGHT MODEL 


‘aay 

nom, 
Catalog No.25K 


On Request 


Te 

of 


JOSEPH G. POLLARD CO., INC. 
Pipe Line Equipment 


New Hyde Park New York 


10 
hid 
say 
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Of All Trades 
and Master of 


It's the Omega Universal — the one volumetric feeder for all 
dry materials — from fine powder to coarse lumps. Simple, 
rugged, dependable, this feeder puts chemical feeding on 
a sound and economical footing. That’s why there are prob- 
ably more Universal Feeders in use today than any other 
style or make of feeder. Send for Bulletin 20-J10 and com- 
plete details. Omega Machine Company, (Division of B-I-F 
Industries), 365 Harris Ave., Providence 1, Rhode Island. 


ORAEG A 


The Last Word in Feeders 


4 \\ yi ry 
Bee. 
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Fire water seems to be causing new 
problems these days, from the burnings 
of Adamsville, Ohio, to the burns of 
Scotland. What perturbs Adamsville’s 
175 populants is the fact that the water 
their wells can’t be used 


from town 


near an open flame. Despite the fact 
that the three sets of gasoline pumps 
near the wells were checked and pro- 
nounced leakless, the water supply per- 
sists in igniting in the mere vicinity of 
a match. Meanwhile, the canny Scots 
are beginning to consider themselves 
uncanny in having agreed to export 
their high- 
lands to Scandinavian distilleries, which 


water from the burns of 


have found in water the secret of real 


Scotch scotch. From all reports, un- 
less the Scots ban the export 


unable to tell the 


soon, 


we'll be difference 
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between Svensk and Scotch, by yumpin’ 
yiminy ! 

On quite the other hand, 
noted an ad_ for 
“Kalak” water, a 
kling, alkaline water” 
alcohol” and insures 
overs.” Only cause 
matter of 


we have 
something called 
“refreshing, spar- 
that “buffers 
against “hang 
for pause, as a 
fact, is its uncomfortably 
familiar slogan: “Kat — Drink — Be 
Merry! Which may suggest a per 
manent cure, but rather too drastic a 
one for our taste. 

For fire or extinguishment, though, 
it’s water H,O! 


Ross L. Dobbin, general manager 
of the Peterborough, Ont., Utilities 
Com., has been elected president of the 
Engineering Inst. of Canada for the 
1953-54 term. He will take office in 
Halifax, N.S., next May. 


(Continued on page 48 P&R) 


ANCHORED CLAMP for 
MECHANICAL JOINTS 


Also Cl-60 charcoal cast iron bolts for me- 
chanical joints; bell-joint Leak Clamps and 
Gasket Sealer Compound. 


Write for information 


H. Y¥. CARSON COMPANY 
1221 Pinson St. Birmingham, Ala. 


SPARLING 
Main-Line Meters 


d 


Accurate main-line measurement 
is the key to efficient operation 


Descriptive Bulletin 311 comes on request 


SPARLING METER COMPANY 


LOS 54. Box 3277 
CHICAGO 8 1500 S. Western Ave. 

. 626 Broadway 

Park Avenue 

.6 Beacon Street 

932 ming 

. 726 Loan Li 


66 Luckie St. x 
EANSAS city, "MO. 6 
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MciLROY PIPELINE-NETWORK ANALYZER 
SAVES DAYS 
of CALCULATION 


During their visit to the American 
Water Works Association Conven- 
tion in Kansas City last April, this 
group of prominent hydraulic en- 
gineers and waterworks officials 
inspect the McIlroy Pipeline-Net- 
work Analyzer made by STANDARD 
Evectric Time Company for the 
Midwest Research Institute. 


The Mcllroy Pipeline-Network Analyzer per- 
forms rapid calculations of flow rates and head 
losses caused by fluid friction in networks of 


pipelines or ducts. me 
SINGLE STUDY SAVES me 


TWICE THE COST! 


Made for specific applications, the Analyzer is 
available for any size industrial or municipa! 


network system; the cost varies with the design, Front and rear view 
size and other requirements. One user saved of the Midwest Research 
Institute Analyzer. 


twice the cost of the Analyzer on a single study 


of a proposed pipeline improvement problem! 


Ga 


*FLUISTOR — Fluistors are 
specially designed non-linear tube 
resistors furnished in a wide 
range of coefficient values. They 
represent the various pipeline 
characteristics and afford a rapid, 
visual check of system conditions. 
Readings are expressed on the 
instruments directly in fluid units. 


SINCE 1884 


THE STANDARD ELECTRIC TIME COMPANY 


91 LOGAN STREET * SPRINGFIELD 2, MASSACHUSETTS 
= 


> \ 
* 
Let FLUISTORS* Short Cut Your Network Calculations pe 
a>>>> 
| STANDARD a 
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Rainmaking, which we gave up as 
too respectable a cause last month, 
seems destined to go even that charac- 
terization one better—that is, worse. 
The new year had hardly gotten under 
way when the Weather Bureau turned 
about to undertake an experimental 
cloud seeding program in Washington 
state, scheduled to run from January 
to May and again in the fall. Dignity, 
yet! And if North Jersey, which in 
1952 had its wettest year in history, is 
correct in attributing its immersion to 
rainmaking activities in the Far West, 
downright aplomb! 


More than innominate—almost in 
existent—was one of our Editors 
Anonymous (see December P&R, p. 
) when one of the huge maples lining 


(Continued from page 46 P&R) 
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the streets of Mt. Clemens, Mich., fell 
and felled Bob Hansen, local filtration 
superintendent, last December. Bob, 
who was out in a 70-mile wind snap- 
ping pictures of storm damage for a 
friend in the street department, was 
pulled out from under with “possible 
skull fracture and chest injuries.” For- 
tunately for P&R, maple is a relatively 
soft wood and Bob was back in circu 
lation before Christmas—circulation, 
filtration, and percolation. 


Hammond Iron Works has ac- 
quired the Keyes Tank Co. of Provo, 
Utah, and the Keyes Tank & Supply 
Co. of Caspar, Wyo. The Keyes or- 
ganizations have for the past several 
years been licensed to fabricate and 
sell Hammond storage tanks. 


7 (Continued on page 50 P&R) 


LIMITORQUE 


VALVE CONTROLS 


From coast to coast, hundreds of LimiTorque Controls 
are in service in water works and sewage disposal plants 
for automatic or push-button operation of valves up to 
120 inch diameter. Why is acceptance so widespread? 
Because LimiTorque Operators are designed to provide 
dependable, safe and sure valve actuation at all times. 


=: 


LimiTorque is self-contained and is applicable to all 
makes of valves. Any available power source may be 
used to actuate the operator: Electricity, water, air, oil, 
gas, etc. 


A feature of LimiTorque is the torque limit switch which 
controls the closing thrust on the valve stem and pre- 
vents damage to valve operating parts. magi 
Write for Catalog 


PHILADELPHIA GEAR WORKS, Inc. 
ERIE AVENUE and G STREET, PHILADELPHIA 34, PA. 


New York © Pittsburgh © Chicege © Housten © Lynchburg, Ve. 
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You Can Expect 
These Advantages 


Sulphur Dioxide is effectively used 
in water treatment to remove objec- 
tionable odors remoining after puri- 


Ferri-Floc a superior 
coagulant offers 
many advantages — 


Here’s what you can 


expect with 


samen COPPER SULPHATE will control about 90% 


of the micro-organisms normally encountered in water 


Pree 


TENNESSEE CORPORATION 


617-29 rors Building, Atlanta, Georgia 


~Send card or letter to 
Tennessee Corp., Grant Building, Atlan- 
ta, Georgia or Lockland, Ohio. 


treatment plants more economically than any other 
chemical. Very effective for taste and odor control. 


correction: 
CORD 2. ntrol? 
O and odor com 
z erri- Color removal? 
5. Softening’ 3 
ton? 
6. Ease of operation” 
ilical 

and sil 
g. Manganes® | 
R removal? on 
evel? 
10. Economy? 
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Kent S. Clow, president of James 
B. Clow & Sons since 1942, died at his 
home in Lake Forest, I1l., on December 
14, 1952, at the age of 64. Except for 
an interval of government service dur- 
ing World War I, he had been with 
the 75-year-old firm since 1910, and 
had served it for ten vears as its 
fourth president. 


F. F. Osborne has joined Smith- 
Blair, Inc., of South San Francisco, 
Calif., in the capacity of general sales 
manager. His previous water works 
experience includes representing the 


Fairbanks Morse Co. and Byron Jack- 


son Ce ). 


J. P. Orr, southern branch manager 
for Rensselaer Valve Co. in Memphis, 
Tenn., died on Dec. 13, 1952, at the age 
of 57. He had been associated with 


Vol. 45, No.2 

the firm since his graduation from Pur- 
due University’s Engineering School in 
1924, and had worked in Louisville, 


Ky., and Dallas, Tex., before coming 
to Tennessee. 


Howard S. Morse, who until his 
retirement in 1949 was general man- 
ager and executive vice-president of 
the Indianapolis Water Co., has re- 
turned to that organization at the re- 
quest of its new owners to serve as 
president. Stock control of the utility 
was recently transferred from _ the 
Geist Estate to Murchison Brothers 
Co. of Dallas, Tex. During his “re- 
tirement,’’ Morse had remained on the 
utility’s Board of Directors, had pre- 
sided over the Marion County council 
and had served as president of the 
Indianapolis Board of Sanitary Com- 
missioners. 


KLETT SUMMERSON 
ELECTRIC PHOTOMETER 


Adaptable for Use in Water 


Analysis 


Can be used for any de- 
terinination in which color 
or turbidity can be devel- 
oped in proportion to sub- 


stance to be determined 


KLETT MANUFACTURING Co. 
179 EAST 87th STREET - NEW YORK, N. Y. 


30 PER 
a 
| 
| 
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i ; \ 
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Full Circle 
CLAMP COUPLINGS 


* For PERMANENTLY 
repairing broken 
or cracked pipe 


By utilizing the flexibility, dur- 
ability and strength of copper 
or stainless steel, the Smith- 
Blair Full Circle Clamp Coupling 
has proved itself to be a revolu- 
tionary repair unit. It is fast 
becoming the standard method 
of repair for the water works 
throughout the United States 
and Canada. it is a permanent 
repoir unit for any type of pipe. 


UPLINGS. 


5” to 30” 
Sizes: 2” to 12”' 


CLAM 


Lowers Initial Cost 119 


required 
Requires less excavating = 
for installation 

Gives higher percentage 
of complete shut-ofts 
on the first try — 
under pressure. 


OF 


\— COPPER-ARMORED 
GASKET 


TAPERED SEALING LIP 
PIPE 


SMITH-BLAIR, INC. 


MANUFACTURERS 


Main Office and Factory FS eee 
537 Railroad Avenue wn SEND FOR CATALOGUE 1 
South San Francisco, California ‘ DESCRIBING SMITH-BLAIR PRODUCTS y 
BRANCH: a 
8241 Phlox St., Downey, Calif. 
DISTRIBUTORS IN PRINCIPAL CITIES i i 
B position: 

| 

Adoress: 

t 
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Conductimetric Analysis at Radio- 
Frequency. G. G. Blake. Chemical 
Publishing Co., Inc., 212—5th Ave., New 
York, N. Y. (1952) 109 pp.; $2.75 


This is the first American edition of a 
British text on an electronic titration 
technique. The apparatus is described 
and various applications—including those 
involving the analysis of water—are dis- 
cussed. An inversion of the process is 
also described, and is designed to permit 
the rapid, accurate matching of the con- 
centration of a standard solution without 
use of a chemical balance. 


Water Resources of the St. Louis 
Area, Missouri and Illinois. J. K. 
Searcy, R. C. Baker & W. H. Durum. 
Circular 216, Geological Survey, Wash- 
ington 25, D.C. (1952) 55 pp.; paper- 
bound ; free 


Information on the characteristics of 
the available supplies in this water-rich 
area includes chemical analyses, turbidity 
records, climatological data, stream flow 
gagings and flood frequency statistics, 
and water temperature and quality data. 
Also furnished are data on water de- 
mands, the geology of the area, and a 
survey of relevant law and legislation. 


(Continued on page 54) 


VWUNICIPAL 
SUPPLIES 


STREETS 


POLICE 


W.S.DARLEY & CO. 


CHICAGO-1t2 ILLINOIS 


WRITE TODAY 
For 
100 PAGE CATALOG 


W.S. DARLEY & CO. Chicago 12 


Please advise AWWA promptly of 
any change in your mailing address. 
Leaving a forwarding address at your 
old post office is not enough, because 
ee regulations require periodicals to 

returned to the sender if not claimed 
at the original destination. And, to help 
us identify you properly, please include 
your old as well as your new address 
when writing. 


Prompt notification will keep your 
Journals and other communications 
coming to you without annoying delays 


and lapses. 


American Water Works Assn., Inc. 
521 Fifth Ave. New York 17, N.Y. 
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These 66 in. i.d. pipe are 16 
ft. long, weigh 16 tons, are 
designed for 150-ib. pressure. 


@ It can be designed for all pressures used in American waterworks, 


@ Its dense structure and watertight joints end leakage worries. 


~ 


@ It maintains high hydraulic efficiency indefinitely. Concrete 


@ It minimizes taste, odor and dirty water difficulties. 


@ It has ample strength to sustain heavy overburdens and to 


withstand severe climatic and soil conditions. 


PORTLAND CEMENT ASSOCIATION 


33 W. Grand Ave. / A national organization to improve and extend the uses of portland cement 
Chicago 10, Ill. ork 
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The Reading Meter 


Lead Work for Modern Plumbing. 
David M. Borcina, ed. Lead Industries 
Assn., 420 Lexington Ave., New York 
17, N.Y. (1952) 164 pp.; plastic ring 
binding ; $1.50 


This handbook-sized text includes an 
illustrated section on the jointing of cast 
iron pipe, and instructions for bending 
lead water pipe, wiping lead joints, and 
the use of calking and other tools, as well 
as much material intended primarily for 
the plumber. Explanations are brief but 
explicit, and helpful illustrations are pro- 
fusely used. 


Ground-Water Levels in Ohio, 1949- 
1950. Paul Kaser. Bul. 25, Div. of Wa- 
ter, State Dept. of Natural Resources, 
Columbus, Ohio (1952) 103 pp.; paper- 
bound; free 

Prepared in cooperation with the Wa- 


ter Resources Div. of the U.S. Geological 
Survey, this bulletin summarizes the ob- 


(Continued from page 52) 

servation-well and other pertinent data 
collected in Ohio during a two-year pe- 
riod. Most noteworthy among the. trends 
observed were a gradual decline during 
1949 and a sharp rise in early 1950. A 
summary of stream flow and meteoro 
logical data fills out the background of 
the report. 


Methods of Financing Sewers and 
Sewage Treatment Works in West 
Virginia. Pub. 8, Bureau for Govern 
ment Research, West Virginia Univ. 
State Dept. of Health & State Water 
Com., Charleston, W.Va. (1952) 72 pp.: 
paperbound ; free 

This survey of municipal practice in- 
cludes a brief review of the pollutional 
problem in West Virginia, the financial. 
political, and organizational machinery 
required, and a summary of financing 
methods available. A report on the status 
of sewage treatment projects and exist- 
ing plant is included. 


ts 


For Public Water Fluoridation 


Sodium Silicofluoride—98% 


(Dense Powder) 


Sodium Fluoride—97% 


(Dense Powder or Granular) 


White or tinted blue 
Minimum of dust in handling 
Minimum of storage space 


Available in bags and drums 


“The AMERICAN AGRICULTURAL CHEMICAL Co. 


50 Church Street, New York 7, N. Y. 


or 
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FOR WATER SOFTENING ... TURBIDITY AND COLOR REMOVAL 
.. INDUSTRIAL WASTE TREATMENT... 


with independently-operated 


flocculation, stilling and sedimentation zones 


The CLARIFLOW gives control over each individual function of controlled 
reaction stage flocculation, vertical clarification and positive slurry thickening , 
and removal. 

Initial mixing and reaction done in an isolated mixing tank insuring complete 
reactions. 

Exclusive multiple, tangential diffusers simultaneously and equally distribute 
flow to avoid “tendencies” and initiate slow flocculation. 

Recirculation of precipitate for catalyzing purposes is positive and controllable. 
Erratic ‘Blanket Filtration” is not practiced. 

Thickeners used to scrape settled slurry to the blow-off point. 

Exclusive Balanced multiple surface weir troughs make efficient use of short 
detention periods and insure clarified overflows. 


Write for Bulletin 6S6 


FLOCCULATION ZONE 
MULTIPLE DIFFUSERS 


SLURRY THICKENERS & COLLECTORS 


PWALKER PROCESS EQUIPMENT INC. 


FACTORY + ENGINEERING OFFICES + LABORATORIES 
AURORA, ILLINOIS 
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This interesting assembly consists of a 20 inch Rensselaer valve with 
reducing and increasing sections for installation in a 30 inch pipe line. 
The integral type gear case is designed for the working pressure of the 


valve and is packed with oil for lifetime service. 


There is no need for a concrete vault for valves equipped with integral | 
type gear cases. Just install valve boxes, shovel back the dirt and for- _ 


get it, for this is the Rensselaer double disc valve with the well known 


wedge action. On closing, when the gates reach a position opposite their — 
seats, the powerful wedging action presses them squarely and firmly | 
against their seats. It is impossible to damage the stem threads or throw | 


the stem out of alignment, and the gates open and close easily. 


The valve you buy today should serve faithfully for many years. Why 


not provide maximum insurance against future maintenance costs by 
putting in Rensselaer valves in the first place? 


A SUBSIDIARY OF NEPTUNE METER COMPANY 
Sales representatives in principal cities 


A 
— 
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Rensselaer 
—_— VALVE COMPANY, \TROY, N. Y. 
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ALBRIGHT & FRIEL, INC. 


Consulting Engineers 


Water, Sewage and Industrial Waste Problems 
Airfields, Refuse Incinerators, Power Plants 
Industrial Buildings 
City Planning Reports 
Laboratory 


Valuations 


121 S. Broad St. Philadelphia 7, Pa. 


Cras. B. Burpick Lovis R 
DonaLtp H. 


ALVORD, BURDICK & HOWSON 


Engineers 
Water Works, Water Purification, Flood 
Relief, Sewerage, Sewage Disposal 
Drainage, Appraisals, Power 
Generation 


Civic Opera Building 


Howson 


Chicago 6 


CARL A. BAYS 
ASSOCIATES, INC. 


Geologists —Engineers — Geophysicists 
Industrial Consultants 


Office and Laboratory—308 N. Orchard St. 
Mail Address—P.O. Box 189 
Urbana, Illinois 


BLACK LABORATORIES, INC. 
Consulting Engineers and Chemists 
on all problems of 
Water, Sewage and Waste Treatment 
ANALYSIS—TREATMENT 
CONTROL-—-RESEARCH 
700 S. B. 3rd St. Gainesville, Fla. 
CLINTON L. BOGERT 
ASSOCIATES 
Consulting Engineers 


Ivan L. Bogert 
Ropert A. Lincotn 


Cunton L. Bocert 
Donatp M. Dirmars 


Water and Sewage Works 


Industrial Wastes 
Flood Control 


New York 22, N. Y. 


Refuse Disposal 
Drainage 


624 Madison Avenue 


Guide Books to the Field 


Send for your free copy of “A List of 
A.W.W.A. Publications,” listing books, 
manuals and specifications published 
by the Association. 


American Water Works Association, Inc. 
521 Fifth Avenue New York 17, N.Y. 


A. S. BEHRMAN Bowe, Albertson & Associates 
Chemical Consultant Engineers 
Water and Sewage Works 
Jisposal——M unicipal Projects 
lon Exchange Processes and Materials Airfields—Industrial Buildings 


Patents 


9 S. Clinton St. Chicago 6, III. 


BLACK & VEATCH 

Consulting Engineers 

4706 Broadway, Kansas City 2, Mo. 

Water Supply Purification and Distribution; 
Electric Lighting and Power Generation, 

Transmission and Distribution; Sewerage and 

Valuations, Special 


Sewage Disposal; 
Investigations and Reports 


Designs —Estimates 
-Laboratory Service 


New York 38, N.Y. 


Reports 
Valuations 


110 William St. 


BUCK, SEIFERT AND JOST 


Consulting Engineers 
(Formerly Nicholas S. Hill Associates 
Water —Sewace Disposar 
Hypraviic DeveLopMENTS 


Reports, Investigations, Valuations, Kates 
Design, Construction, Operation, Manage- 
ment, Chemical and Biological Laboratories 


112 B. 19th St., New York 3, N. Y. 
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PROFESSIONAL SERVICES 


Consulting Engineers 
(Established 1908) 

Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 
Airports Municipal Engineering Supervision 
584 E. Broad St. Columbus 15, Ohio 


Cotton, Pierce, Streander, Inc. 
Associated Consulting Engineers 

E. R. Cotton E. M. Pierce 

P. B. Streander G. A. Gieseke 
I. J. Silverstone 

Water Supply, Water Purification 
Sewerage, Sewage Treatment 

Refuse Disposal 


132 Nassau Street 
New York 38, N.Y. 


P. O. Box 198 
Hyde Park 36, Mass. 


T 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Water Works, Light and Power, Sewerage, 
Reports, Designs, Appraisals, Rate 
Investigations. 


Cleveland 14, Ohio 
1404 E. 9th St. 


Kansas City 2, Mo. 
P.O. Box 7088 


JAMES M. CAIRD 
Established 1898 
C. E. Currron, H. A. Bennerr 
Chemist and Bacteriologist 
WATER ANALYSIS 
TESTS OF FILTER PLANTS 
Cannon Bidg. Troy, N. Y. 


CAMP, DRESSER & McKEE 
Consulting Engineers 


Water Works, Water Treatment, 
Sewerage and Wastes Disposal, 
Flood Control 


Investigations, Reports, Design 
Supervision, Research, Development 


6 Beacon St. Boston 8, Mass. 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 

Valuations—Rates— Management 


Laboratory—City Planning 
7 na 210 E. Park Way 
a Pittsburgh 12, Penna. 
CONSOER, TOWNSEND 
& ASSOCIATES 
Water Supply Sewerage 
Flood Control & Drainage—Bridges 


Ornamental Street Lighting— Paving 
Light & Power Plants—-Appraisals « 


351 EB. Ohio St. Chicago 11 


DE LEUW, CATHER & COMPANY 


Water Supply 
Railroads 
Grade 
Transportation 


Sewerage 
Highways 


Investigations—Reports —Appraisals 
Plans and Supervision of Construction 


150 N. Wacker Drive 79 McAllister Se. 
Chicago 6 San Francisco 2 


FAY, SPOFFORD & THORNDIKE 


Engineers 
Charles E. Spofford Ralph W. Horne 
John Ayer William L. Hyland 
Bion A. Bowman Frank L. Lincoln 
Carroll A. Farwell Howard J. Williams 
Water Suppty anp 
SgweraGe AND SewaGe TreaTMENT— AIRPORTS 


Investigations Reports Designs Valuations 
Supervision of Construction 
New York 


Boston 


FINKBEINER, PETTIS & STROUT 


Carveton 8, Finksetner CuHarves E. Perris 
Haroip K. Srrovr 


Consulting Engineers 
: Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment, 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 
FREESE, NICHOLS AND TURNER 


Consulting Engineers 


2411 Cand I Life Bidg. 


Houston 2, Texas 


CH-1624 


FULBRIGHT LABORATORIES, Inc. 
Consultants 
Chemists and Chemical Engineers 


Industrial Water and Waste 
Surveys 
Tel. 5-5726 
Charlotte, N. C. 
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GANNETT FLEMING 
CORDDRY & CARPENTER, Inc. 
Engineers 
Water Works—Sewerage 
Industrial Wastes—Garbage Disposal 
Roads— Airports—Bridges—Flood Control 
Town Planning—Appraisals 
Investigations & Reports 


Philadelphia, Pa. 


Harrisburg, Pa. 
Daytona Beach, Fla. 


Pittsburgh. Pa. 


GILBERT ASSOCIATES, INC. 
Engineers and Consultants 
Water Supply and Purification 

Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 

Investigations and Reports 
Reading, Pa. 


New York 
Washington 


Philadelphia 
Staunton, Va. 


Professional 


Senruices 


(contd.) 


HAZEN AND SAWYER 
Engineers 
Ricuarp Hazen Atrrep W. Sawyer 


Municipal and Industrial Water Supply 
*urification and Distribution 
Sewage Works and Waste Disposal 


Investigations, Design, 
Supervision of Construction and Operation 


110 East 42nd Street New York 17, N.Y. 


+ 


GLACE & GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, Construction, and 
Supervision of Operation 


1001 North Front St., Harrisburg, Pa. 


| 


GREELEY & HANSEN 
Engineers 


Water Supply, Water Purification 
Sewerage, Sewage Treatment 
Refuse Disposal 


220 S. State Street, Chicago 4 


WILLIAM F. GUYTON 


Consulting Ground-Water Hydrologist 
Underground Water Supplies 
Investigations, Reports, Advice 


307 W. 12th St. 
Tel. 


Austin 1, Texas 
7-7165 


HAVENS & EMERSON 


W. L. Havens C. A. Emerson 
A. A. Burcer F. C. F, W. Jones 
W. L. Leacn H. H. Moserey J. W. Avery 


Consulting Engineers 


Water, Sewage, Garbage, Industrial 
Wastes, Valuations—Laboratories 


HORNER & SHIFRIN 


Consulting Engineers 


W. W. Horner V. C. Lischer 
H. Shifrin E. E. Bloss 


Water Supply—Airports—Hydraulic Engineer 


ing — Sewerage — Sewage Treatment Munici- 
pal Engineering—Reports 
Shell Building St. Louis 3, Mo. 


ROBERT W. HUNT CO. 
Inspection Engineers 
he (Established 1888) 


—T Inspection and Test at Point 
of Origin of Pumps, Tanks, 


Conduit, Pipe and Accessories 
175 W. Jackson Blvd. 
Chicago 4, Ill. 
and Principal Mfg. Ceniters 


THE JENNINGS-LAWRENCE CO. 


C. C. Walker F. L. Swickard 
B. 1. Sheridan R. L. Lawrence 
A. P. Harness, III 


Civil & Municipal Engineers 
Consultants 


Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 
Reports— Design—Construction 


12 N. Third Street Columbus 15, Ohio 


K. AUSTIN JEWELL 
Consulting Engineer 


Industrial Hydraulies 
or Mills or Plants 
Steel, Gas, Coke, Lime, Cement, Pulp 
WATER AND WASTE 
Purification, Distribution, Drainage 


Leader Bldg. Woolworth Bidg. 
CLEVELAND 14 NEW YORK 7 


Treatment, Transmission, Disposal 
2125 1/2 Ridge Avenue Evanston, Ill. 
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PROFESSIONAL SERVICES 


ROBERT M. JOHNSTON 
AND ASSOCIATES 
Consulting Chemists 


Analyses— Water, Sewage, Industrial Waste 


Bacteriologists 


Research 


Litigations 


Harrisburg, Pa. 


915-17 N. Second St. 


JONES, HENRY & 
WILLIAMS 


Consulting Sanitary Engineers | 


“okey Sewerage & Treatment 


Waste Disposal 
Security Bidg. Toledo 4, Ohio 


MORRIS KNOWLES INC. 
Engineers 


Water Supply and Purification, 

Sewerage and Sewage Disposal, 

Industrial Wastes, Valuations, 
Laboratory, City Planning. 

Park Building Pittsburgh 22, Pa. 


LEGGETTE & BRASHEARS 
Consulting Ground Water Geologists 


Water Supply 
Dewatering 


Salt Water Problems 
Investigations 


Recharging Reports 


551 Fifth Avenue New York 17, N. Y. 


METCALF & EDDY 
Engineers 


Water, Sewage. Drainage, Refuse 

and Industrial Wastes Problems 

Airfields Valuations 
Laboratory 


Parsons, Brinckerhoff, Hall & Macdonald 
G. Gale Dixon, Associate 
Engineers 
Dams Water Works Sewerage 
Airports Bridges Tunnels 
Traffic & Transportation Reports Highways 
Subways Foundations 
Harbor Works Valuations 
Power Developments Industrial Buildings 


51 Broadway, New York 6, N.Y. 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 
Prante Ernest W. WuitLock 
Rosert D. Mircuett Cari A. ARENANDER 
Jr. 


Investigations, Reports, Plans 
Supervision of Construction and Operations 
Appraisals and Rates 


25 W. 43rd Se. New York 36, N. Y. 


THE PITOMETER COMPANY 
Engineers 
Water Waste Surveys 
Trunk Main Surveys 
Water Distribution Studies 


Water Measurement & Special 
Hydraulic Investigations 


50 Church Street New York 


LEE T. PURCELL 
Consulting Engineer 


Water Supply & Purification; Sewerage & Sew- 
age i Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
onstruction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 
Laboratories for Chemical and Bacteriological 
Analyses 
369 B. 149th Se. 


New York 55, N.Y. 


THE H. C. NUTTING COMPANY 


Engineers 
WATER WASTE SURVEYS 
Water Distribution Studies 


Trunk Main Surveys 
Meter and Fire Flow Test 


4120 Airport Road Cincinnati 26, Ohio 


RIPPLE & HOWE 
Consulting Engineers 
O. J. B. V. Hows 
Appraisals— Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs, and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35—23rd St., Denver 5, Colo. 
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NICHOLAS A. ROSE 


Consulting Ground Water Geologist 


Investigations 

Advisory Service 


Reports 


Houston 2, Tex. 


1010 Dennis Ave. 


RUSSELL & AXON 
Consulting Engineers 
Civil—Sanitary —Structural 


Industrial—Electrical 
Rate Investigations 


408 Olive St., St. Louis 2, Mo. 
Municipal Airport, Daytona Beach, Fla. 


Professional — 
Senruices 


(contd.) 


ALDEN E. STILSON & ASSOCIATES 


(Limited 


Consulting Engineers 


Water Supply—Sewerage— Waste Disposal 
Bridges—Highways—Industrial Buildings 


Studies—Surveys— Reports 


209 S. High St. Columbus, Ohio 


EDWARD J. SCHAEFER 
Consulting Ground- Water Hydrologist 
Investigations, Reports, Advice 


on 
Underground Water-Supply Problems 


607 Glenmont Ave. 
Columbus 14, Ohio 


Telephone 
Ludlow 3316 


Consulting Engineers 


Water Supply and Purification; Sewerage, 
Sewage and Industrial Waste Treatment 
Reports, Designs, Supervision of Construc- 
tion and Operation; Valuations 
Chemical and Bacteriological Analyses 


14 Beacon Street Boston 8, Mass. 


—— 


E. SIRRINE COMPANY 


Engineers 


_ Water Supply & Purification, 
Sewage & Industrial Waste Disposal, 
Stream Pollution Reports, 
Utilities, Analyses 
South Carolina 


SMITH AND GILLESPIE 


Consulting Engineers 


Greenville 


Water Supply and Treatment Plants; 
Sewerage, Sewage Treatment; Utilities; 
Zoning; Reports, Designs, Supervision of 
Construction and Operation; Appraisals. 


P.O. Box 1048 Jacksonville, Fla. 


STANLEY ENGINEERING 
COMPANY 


Waterworks—Sewerage 
Drainage—Flood Control 
Airports—Electric Power 


Look to the Journal 
Advertising Pages 


for guidance when you require professional serv 
ices or water works products. A condensed 
“Buyers’ Guide"’ appears in the final pages of 
this issue. 

American Water Works Association, Inc. 
521 Fifth Avenue New York 17, N.Y. 


WHITMAN & HOWARD 


Engineers 
(Est. 1869.) 
Investigations, Designs, Estimates, 
Reports and Supervision, Valuations, 
etc., in al' Water Works and Sewerage 
Problems 


89 Broad St. Boston, Mass. 


= 


WHITMAN, REQUARDT 
& ASSOCIATES 
Consultants 


Sanitary —Structural 
—Electrical 


Engineers 
Civil 
Mechanical 


Reports, Plans 


Hershey Building 
Muscatine, Ia. 


Supervision, Appraisals 
1304 St. Paul St. 


Baltimore 2, Md. 


WESTON & SAMPSON 
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CONDENSATION 


Vol. 45, No. 2 


Key: In the reference to the publication in which the 
abstracted article appears, 39:473 (May °47) indicates 


volume 39, page 473, issue dated May. 1947. 


If the pub- 


lication is paged by the issue, 39:5:1 (May ’47) indicates volume 39, number 5, page 1, issue 
dated May 1947. Abbreviations following an abstract indicate that it was taken, by permis- 
sion, from one of the following periodicals: BH—Bulletin of Hygiene (Great Britain) ; CA 
—Chemical Abstracts; Corr.—Corrosion; I1M—lInstitute of Metals (Great Britain) ; PHEA 
—Public Health Engineering Abstracts; SIWW—Sewage and Industrial Wastes; IV PA— 


IVater Pollution Abstracts (Great Britain). 


AQUATIC ORGANISMS 


Development of Green Algae and Other 
Organisms in Plastic Water Pipes. A. 
VAN pER WerFF. Water (Neth.), 36:84 
(Mar. 27, °52). <A _ partly transparent, 
orange-colored polysanite pipe 12 mm in 
diam., previously cleaned and disinfected, was 
filled with tap water, seeded with Chlorella 
(green alga), and placed in light. Green 
strip developed in approx. 6 days; spore for- 
mation took place in 12 days to such extent 
that water was green; musty taste noted. 
After approx. 6 weeks jelly-like layer of 
bacteria, with many green and blue algae, 
flagellates, and amebas, were present. Repe- 
tition of expts. showed same results. Seed- 
ing clean pipe with Chlamydomonas species 
showed green algae. Comparative results 
with galvanized copper tubes in dark and 
light showed masses of green algae and dia- 
toms in plastic pipes and some colorless, 
flocculent material with some bacteria and 
few algae in copper pipe. Growth is greatest 
during spring and early summer. Some 
algae, kept for weeks in darkness, even in 
galvanized copper pipes, will develop in any 
plastic pipe, which allows some light to dif- 
fuse—W. Rudolfs 


Some Observations on the Correlation of 
Chemical and Biological Sequences at the 
Water Works at Leeds. FE. A. SPAUvL. 
J. Inst. Wtr. Engrs. (Br.), 6:277 (’52). 
Leeds obtains water from catchment areas 
on eastern slopes of Pennines. Water from 
Leighton Res. passes through liming plant to 
increase pH, then by pipe to Kellesing, on by 
tunnel to Swinsty Res. and then through pipe 
to Eccup Res. Samples for biological examn. 
are taken monthly, weekly, or semiweekly 
according to their importance in relation to 
information needed and their accessibility. 
Water has avg. pH of 6.5; elec. cond., 150 
110; albuminoid NH,, 0.45—0.025 ; total solids, 

12. All showed 


(Continued on page 64) _- 


downward trend during 3 yr, while color 
(90-20) and oxygen absorbed from KMnO, 
(5.5-1.5) were seasonally high in winter and 
low in summer. No appreciable amount of 
plankton above Eccup, but some species as- 
sumed significant growth in Eccup Res. In 
latter part of ’50 and ’51 there was increased 
growth, particularly of Asterionella, which 
blocked filter beds. Of other diatoms found, 
only Rhizoselina and Tabellaria need be men- 
tioned. Former had periods of growth dur- 
ing spring and autumn of ’49 and ’50. Tabel- 
laria fenestrata var. asterionelloides was 
present to some extent during spring and 
autumn of 49 and from Sept. ’50 to June ’51. 
Anabaena developed considerably between 
July and Oct. ’49. Spinksburn Beck and 
conduits around Eccup, both of which re- 
ceive drainage from agricultural land, have 
chem. content with high total solids, albu- 
minoid ammonia, and hardness, and also high 
production. Former makes relatively high 
contribution to fertility of system, and pro- 
ductivity is such that periodic cleansing is 
necessary. Extent to which thermal strati- 
fication and bottom deposits in deep reser- 
voirs of this long-established system can 
affect chemical content and contribute to 
biological growth is unknown and requires 
separate investigation. Measures to reduce 
fertility, instituted about °47, included re- 
moval of decaying vegetation from shallow 
marginal water; clearing, deepening and 
widening inlets; cropping of vegtation in 
these areas; and treatment of stone pitching 
to remove and control weeds, etc. Bacterio- 
logical records show no evidence of serious 
pollution, and such as does exist can be dealt 
with effectively by filtration. Point of in- 
terest is, however, approx. coincidence of 
high numbers at Eccup with presence of 
birds, especially gulls, during autumn and 
winter. Lab. expts. demonstrated lethal ef- 
fect of ultrasonic waves and attention was 
directed to their use for control of aquatic 
organisms. Fish, tadpoles, water fleas, pro- 
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lf you have to install 
valve in a hurty-- 
with an eye toward 
CCONOMY.... 


escavahon and 


DY 


and sleeve 
sleeve is then 


Cutting-in Valves and Sleeves [ie 


Valve is placed be 
tween pipe end and 
sleeve, and pushed 
home against pipe 
Sleeve is seoted 
ito bell of valve 


Giands, gosters, 
bolts ond nuts ore 
then assembled or 
the 3 jomts ond 
tightened, vting o 
ratchet wrench only 


Starting with step “1” above, two men with a ratchet 


wrench can install an Eddy Mechanical Joint Cutting- 

in Valve and Sleeve on an existing pipeline in less than 

25 minutes. Every joint is bottle-tight under pressure, 1 Su ! 
without caulking or lead-melting. Thus, the work can wassengin. NEw vorn 
be done in any kind of weather, or in a flooded trench. 


Valves meet AWWA specifications; are available in 3 


to 12" sizes for sand-cast and centrifugally-cast iron 


water pipe. Stock up now, for speedy installations. 
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—tozoa, and algae confined to 14” column of 
water above crystal were exposed to varying 
ultrasonic power for different time intervals 
and lethal doses determined.—H/. FE. Babbitt 


The Infestation of Water Works by 
Dreissensia polymorpha, a Fresh-Water 
Mussel. K. B. Crark. J. Inst. Wtr. Engrs. 
(Br.), 6:370 (’52). Trouble with Dreissen- 
sta polymorpha in British water works is 
rare. Presence in water main is usually 
revealed by discharge of shells and increase 
of head loss. Mussels, dark brown or black, 
attach themselves by up to 200 tough, elastic 
fibers and usually lead sessile existence. 
Mussels feed on submicroscopic silt of vege- 
table origin and have been seen to reject 
extremely small diatoms. They prefer clean, 
slowly moving water with firm bottom. Per- 
haps most sensational record of trouble with 
Dreissensia polymorpha in water works was 
that at Hamburg in 1886. Rotterdam ex- 
perienced trouble in 1887. London Metro- 
politan Water Board in ’25 and ’30 experi 
enced reduction of 36” main to 12”. At 
Great Yarmouth, 20 cuyd of mussels re- 
moved from approx. 300 yd of 24” pipe. 
Trouble not confined to water works but 
may affect any users of water. Methods of 
control include scraping of mains, reservoirs, 
and tanks. Where control is by drying out, 
mussels can live 14 days in air of 100% 
humidity. In open air mussels die within 
7 days and come away easily from pipe. If 
drying-out method is adopted, there should 
be adequate ventilation of pipe. Continuous 
dosing with 50 ppm of chlorine flowing 
slowly through main for upwards of two 
weeks has shown itself to be reliable method 
of removal. It seems that closing down 
main for long periods can kill only some of 
mussels, dead ones being held in place by 
neighbors and their bodies giving rise to 
serious taste troubles. There is ample evi 
dence that larvae are held back by filtration 
but they do seem able to develop in filtered 
water. Prechlorination by Metropolitan Wa 
ter Board and at Great Yarmouth has appar 
ently prevented pipes downstream from be- 
coming reinfested from river. Dose was 
such as to leave no residual at downstream 
end, usually 1.5-2 ppm.—H. E. Babbitt 


The Heterocyst: A Botanical Enigma. | 
E. Fritscw. J. Inst. Wtr. Engrs. (Br.), 
6:74 (’52). At some stage in life cycle of 
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some blue-green algae, there appear, in 
threads, somewhat larger cells of distinctive 
structure usually situated at frequent inter- 
vals along filaments. These large cells, 
known as heterocysts, are “botanical enigma.” 
Heterocysts highly specialized as compared 
with ordinary blue-green cells, and their long 
maintained connection with adjoining cells, 
as well as other features, suggests chemical 
activity and specialized metabolism. When 
reproductive period sets in, it may be that 
nature of secretion from heterocysts changes 
and something is formed that stimulates 
akinete formation, or perhaps there is merely 
alteration in reaction of contents of cells 
involved.—H. FE. Babbitt 


Studies on Chemicals With Selective Tox- 
icity to Blue-Green Algae. G. P. Firz- 
GERALD, G. C. GERLOFF & FoLKE Skooc. Sew. 
Ind. Wastes, 24:888 ('52). With Microcys- 
tis aeruginosa as test organism, approx. 300 
org. compds. have been screened for toxic- 
ity to bloom-producing blue-green algae. 
Whereas many compds. are toxic to algae 
in conens. from 10 to 1 ppm, several compds. 
of quinone type structure are toxic in concns. 
of less than 1 ppm; one of these, 2,3-dichloro- 
naphthoquinone, is lethal in conens. as low 
as 2 ug/l under conditions of these tests. 
This compd. known to be effective fungi- 
cide, seems selectively toxic to bloom-pro- 
ducing blue-green algae and is nontoxic to 
most green algae and higher aquatic plants 
In short-term tests, it had no toxic effect on 
fish and other aquatic organisms, even when 
chemical supplied in excess of saturation 
level (100 ug/l). However, more detailed 
studies must be carried out in order to be 
certain 2,3-dichloronaphthoquinone is with- 
out injurious effect on fish and other organ- 
isms during long periods of exposure. Lim- 
ited field tests in barrels, tanks, and lagoons 
contg. heavy growths of algae in lake water 
or sewage effluent indicate that low conens. 
of compd. (10-100 ug/l) are effective in 
selectively killing bloom-producing blue-green 
algae even when present in exceedingly large 
quants. However, much additional informa- 
tion required on methods of application, 
dosage, and frequency of treatment, before 
definite conclusions can be reached on whether 
practical use of 2,3-dichloronaphthoquinone 
would represent improvement over treatment 
with copper sulfate from standpoint of cost 
-ctive 
and effectiveness—PH EA 
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, %Proportioneers% Heavy Duty CHEM-O-FEEDER. Look at 
the important advantages which make Chem-O-Feeder the 
sure way to safeguard water supplies: 


All parts coming in contact with treating chemi- 
cals are of See-Thru plastic and Neoprene 
rubber which are unaffected 


Alum, Ammonia, Copper Sulphate, Hypochlo- 
rites and Fluorides can be fed by standard 
units. 


Pumping action is visible to the operator. 


This feeder has the widest dosage adjustment 
range and changes may be made “in opera- 
tion”. 
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In normal times or in times of emergency, you can count on 


Compact construction encloses all moving parts 
in oil bath requiring no lubrication maintenance. 


Accessories for complete installation included 
with feeder, 


Parts for all models are in stock at strategic 
service centers. 


Feeder can be readily converted to slurry feed- 
ing or the handling of concentrated corrosive 
liquids. 


| Write, today, for Bulletin SAN-7, the complete story on Simplex, 
Duplex, and Triplex Chem-O-Feeders. %Proportioneers, 
Inc. %, 365 Harris Ave., Providence 1, R. |. 
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The Algicidal Effect of Certain Quaternary 
Ammonium Compounds. O. B. WILLIAMs, 
C. R. Gronincer & N. F. Avpritton. Pro- 
ducers Monthly, 16:8:14 (’52). Arquad S, 
Arquad C, and Arquad 2C +S were tested 
on cultures of algae. Approx. 15 ppm of 
any Arquad controlled growth of various 
strains of algae. In general 5 ppm of Arquad 
S is effective against Oscillatoria, which 
seems to be most common alga encountered. 
CA 


Illustrations of Fresh-Water Algae Toxic 
to Animals. W. M. INGRAM & G. W. Pres- 
cott. Ohio-Tenn. Drainage Basins Office, 
Div. of Water Poln. Control, USPHS, Cin- 
cinnati, Ohio. 9 p (’52). Illustrations of 
so-called toxic fresh-water algae are pre- 
sented to aid those working in water poln. 
control programs who may have cause to 
identify certain ones that have purportedly 
caused death or illness in animals. Illus- 
trations represent species of algae that have 
been associated with livestock, poultry, fish, 
and wildlife deaths through direct toxic 
action. Illustrated species are: Microcystis 
aeruginosa Kutz, Microcystis flos-aquac 
(Wittr.) Kirch., Aphanizomenon flos-aquac 
(L.) Ralfs., Anabaena flos-aquae (Lyngb.) 
sreb., Coelosphaerium Kuntzingianum Naeg., 
Coelosphaerium Naegelianum Unger., Gloeo- 
trichia echinulata (J. E. Smith) P. Richter, 
and Nodularia spumigena Mert—PHEA 


HYDROLOGY, CONSERVA- 
TION, AND IRRIGATION 


Australian Estuarine Hydrology. I. In- 
troductory and Comparative Features. D. 
J. Rocurorp. Australian J. Marine Fresh- 
water Research, 2:1 (’51). Methods are de- 
scribed of collection and anal. used in studies 
of the hydrology of waters and muds in estu- 
aries in eastern and southwestern Australia. 
Marine, tidal, gradient, and fresh-water zones 
in estuzrine systems are distinguished. by 
differences in the hydrological properties of 
the waters—for example, the extent of the 
diurnal chlorinity conflict, and the chem. 
Particular 
systems are classified according to the zone 


_ which occupies the greatest vol. in the entire 


system. The development of conflicts of 
hydrological properties in tidal waters was 
examd. by following the diurnal range of 
chlorinity in several estuaries. The role of 


inorg. and org. phosphate in detg. productiv- 
ity in estuarine waters, and the extent of 
chem. interactions between the waters and 
associated bottom deposits are discussed. 
These findings are applied to problems of 
oyster cultivation.—CA 


Rainfall, Runoff, and Evaporation. J]. 
GLAssPOOoLe. Rep. Publ. Wks. Munic. Serv. 
Congr. Exhib., p. 472 (’50). Hydrological 
data are of importance from many aspects, 
including provision of water supplies, land 
drainage, and flood control. Studies of rain- 
fall have shown wide variations and no 
marked trends have been observed which 
could be used for long-range forecasting. 
Few records of runoff are at present avail- 
able, but with increasing demands for water, 
the detn. of runoff will be necessary. The 
relations between rainfall and runoff records 
for the Thames valley are explained. Varia- 
tions in evapn. in different places and from 
year to year are relatively small. Evapn. 
may be measured by means of evapn. tanks, 
percolation gages, and fluctuations in levels 
of wells and yields of springs in the chalk. 
—WPA 


Sediment Records in Midwestern United 
States. GuNNAR M. Brune. Union Géo- 
désique et Géophysique Internationale, As- 
semblée Générale de Bruxelles (’51). This 
paper is a review of the available records of 
rates of sediment production in midwestern 
U.S. and of the need for further study of 
the factors affecting sediment production. 
A total of 192 sediment records are listed 
within sixteen major physiographic areas. 
In most of these physiographic areas there is 
a great scarcity of sediment records. The 
records are adjusted for size of drainage 
area, one of the most important factors in- 
fluencing rates of sediment production. Other 
controlling factors, such as land use, rainfall 
and runoff, soils, topography, crop rotations, 
severity of channel erosion, and conservation 
practices, are discussed. With the possible 
exception of the Missouri Basin Loess Hills, 
much detailed research is needed to det. for 
each major physiographic area the important 
factors affecting sediment production, and 
the relationships involved —W PA 


Water Conservation in Australia. Wtr. & 
Wtr. Eng., 55:203 (’51). In a report prepd. 
by the Australian Ministry of Development, 
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Installation of 48-in. Bethlehem Tar-Enameled Water Pipe for a distribution line in Minneapolis. 


e was 20 miles long, and used arc-welded field joints 


Ideal for Water Mains Bortle-Tighr 


You take a long step toward assuring a 
trouble-free line when you use Bethlehem 
Tar-Enameled Pipe for water-distribution 
service. For this pipe is leak-proof and bottle- 
tight. And no matter how difficult the terrain 
in which it is used, there's no cause for con- 
cern about broken joints causing water con- 
tamination. In fact, the joints are actually 
the strong points of the system. 

Bethlehem Tar-Enameled Water Pipe is 
made from sound steel plates. It is carefully 
welded and tested in our shop, and is then 
generously coated on both surfaces with a 
glossy tar-base bituminous liquid. This tar- 
enamel coating has great adhesive value, and 
is highly resistant to corrosion and incrusta- 
tion. The pipe is sufficiently strong and re- 
silient to resist the effects of soil movement 
after installation. 

Bethlehem Tar-Enameled Water Pipe has 
had Williams-Hazen “'C’’ flow coefficients of 


over 150, and has maintained average flow 
coefficients of 145 for long periods of time. 

Bethlehem Tar-Enameled Water Pipe is 
easy to install. Should obstructions be en- 
countered, offsets can be made in the field 
by flame-cutting and welding. Girth seams 
can be made by welding or riveting, or by 
means of mechanical couplings. 

Bethlehem Tar-Enameled Water Pipe is 
made in 40-ft lengths, and in all diameters 
from 22 in. i.d. For additional details, drop 
a line to the nearest Bethlehem office. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 
On the Pacific Coast Bethiehem products are sold by 
Bethlehem Pacific Coast Steel Corporation. Export 
Distributor: Bethlehem Steel Export Corporation 
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The Quest for 
Pure Waler 


in 1450 B. C. 


(as pictured on the wall of the tomb 
of Amenophis II at Thebes) 


Not so much what hap- 
pened in the 550 years before 
this, but what has followed 
to bring water works practice 
to its present state of devel- 
opment is the story told in 
authoritative detail by M. N. 
Baker in his history of water 
purification from the earliest 
records to the 1940's. 


466 Text Pages 
73 Illustrations 
900 References 
List price . 
Special price to mem- 


bers who send cash 
with order 


Order from 
American Water 


Works Association 
521 Fifth Avenwe York 17, Y. 


(Continued from page 66) 


an acct. is given of the major projects for 
water conservation in Australia. In New 
South Wales and Victoria there are schemes 
to conserve water for irrig., hydroelectric 
plants, and water supply and new reservoirs 
are to be constructed. In Queensland numer- 
ous weirs are under construction and new 
schemes for irrig. are being considered. In 
Adelaide, South Australia, work has started 
on a scheme for augmenting the water sup- 
ply. There are also water supply schemes 
for Western Australia and Tasmania.—_W PA 


SOURCES OF SUPPLY 


Afforestation for Water Undertakings and 
Local Authorities. Anon. Wtr. & 
Eng. (Br.), 56:138 (Apr. ’52). Afforesta- 
tion in catchment areas can be carried out 
by water undertakings themselves with ex- 
cellent results. Alternatively suitable area 
could be leased to Forestry Com. If under- 
taken by authority itself there would be 
advantages of Forestry Com. Dedication 
Scheme, which consists of agreement in 
which owner undertakes to manage his wood- 
lands for main purpose of timber production, 
to work to approved plan, and to employ 
skilled supervision. In return commission 
provides financial assistance to owner. Af- 
forestation might make highly important 
contribution to nation’s requirements. Forest 
is permanent asset provided that restocking 
after each felling of mature timber is as- 
sured.—H. E. Babbitt 


The Relationship Between the Erosion of 
Soil and the Silting of Reservoirs in 
Cyprus. Davin J. Burvon. J. Inst. Wtr. 
Engrs. (Br.), 5:662 (Nov. ’51). There is 
close relationship between sedimentation of 
reservoirs and movement of soils. Both 
must be considered in designing and siting 
reservoir. Investigations of eleven reservoirs 
in Cyprus have made it clear that agricul- 
tural methods, and particularly vineculture, 
have caused acceleration of rate of soil ero- 
sion. In Cyprus, geology and topography 
are closely related. There are four main 
topographical units: ancient, deeply dissected, 
lofty Troodos plateau; young, recently up- 
lifted, alpine type Kyrenia Range; the Mesa- 
oria, open plain of recent emergence and 
much silting; and coastal plains of little im- 
portance in this investigation. Cyprus has 
an intense Mediterranean, almost subcontin- 


(Continued on page 70) 
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al mPLEX 


ACCURATELY CONTROLS 
g hens RATE OF FLOW 
Rate of Flow OVER LONG RANGES! 


Controller 


Of the most advanced, proven 
design, Simplex Type S con- 
trollers meet all requirements 


_ of modern filter plants! Look at 


these unmatched advantages: 

Compact design, low weight e Venturi tube type of differential 

Small overall dimensions pressure producer 

Ball bearing mounted valve shaft © Quick starting from open position 


Hydrostatically balanced, pat- e Response to slightest differential 
ented guillotine valves pressure 


Horizontal or vertical installetion » Extreme accuracy of control over 
Simple direct action design long ranges 


For bulletin with full information write to the Simplex Valve 
& Meter Co., 6784 Upland Street, Philadelphia 42, Pa. 


SIMPLEX 
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ental type of climate. The summers are hot 
and dry from mid-June to mid-September ; 
mean annual rainfall is from 12 in. on plains 
to more than 36 in. in highest parts; range 
of temp. is from 28° to 111°F.  Relation- 
ship between soils and rates of erosion could 
not be studied because no soil surveys have 
been made. Heavy forest covers approx. 
652 sqmi or 18% of island. Light forest 
embraces much agricultural land on which 
there are olive trees as well as grazing lands 
having scattered pines. Bare and agricul- 
tural lands embrace most of Mesaoria and 
almost all land devoted to cereal growing. 
Vineyards cover approx. 110 sq mi and are 
found mostly on chalk or volcanic hills. 
Overgrazing by flocks of sheep and goats is 
general; forest grazing is now effectively 
prohibited. Routine inspections made it clear 
that seven reservoirs around the Troodos 
plateau were silting up rapidly and that new 
desilting devices would have to be fitted. 
Measurements made in autumn of ’49 stressed 
urgency of such measures. Tabulated data 
show annual percentages of losses of capacity 
among seven reservoirs to vary from 0.8% 
up to 14.33%. Erosion, in cubic feet per 
square mile of drainage area, has varied 
between 2,516 and 59,550. Brown classifies 
methods of controlling sedimentation in im- 
pounding reservoirs into six groups: [1] 
selection of reservoir site; [2] design of 
reservoir; [3] control of sediment flow; [4] 
control of sediment deposition; [5] removal 
of sediment deposits; and [6] watershed ero- 
sion control. Groups 1 and 2 disregard pos- 
sibilities of changing rate of sediment output 
from drainage area. Groups 3, 4, and 5 
accept fixed rate of sediment production from 
drainage area, as well as fixed size for reser- 
voir, but attempt by various means to pre- 
vent all or part of sediment from forming 
permanent deposit in reservoir. Sixth group 
attempts, through control measures in water- 
shed, to reduce quantity of sediment that will 
reach reservoir.—H..E. Babbit 


Chemical Composition of Ground Waters 
in Irrigated Regions. S. V. Zonn. Trudy 
Lab. Gidrogeol. (U.S.S.R.), 1:112 (48). 
Chemical studies in five irrig. regions of the 
U.S.S.R. to det. the influence of season, soil, 
and evapn. on the compn. of ground waters. 
The compn. (in milliequivalents per liter) 
detd. for irrig. water, ground water in an 
irrig. plain, and ground water in a nonirrig. 


plain, was, resp., HCO, 3.10 and 12.50; 
Cl 1.20, 82.30, and 452.30; SO,~ 1.40, 44.60, 
and 166.30; Ca** 2.80, 42.00, and 44.50; 
Me** 5.30, 39.70, and 201.40; Na* 48.30 
and 382.20. The dry residue in grams per 
liter was 0.53, 9.19, and 40.72, resp—CA 


Chemical Character of Florida’s Waters, 
1951. A. P. Brack & EUGENE Brown. Fila. 
3oard Cons., Div. Wtr. Surv. & Research, 
Paper No. 6 (’51). A comprehensive study 
is given of nearly 2,000 chem. anals. of 
waters. Surface waters are generally low 
in F, but water from the Hawthorne forma- 
tion generally contains more than 1 and 
may contain up to 2.5 ppm F. Data on Sr 
content are given.—CA 


Chemical Composition of Texas Surface 
Waters, 1950. Anon. Texas Board of 
Wtr. Engrs., 1952:1. Chemical anals. are 
given of hundreds of samples of waters.—CA 


Chemical Studies of the Waters of Reel- 
foot Lake (Tennessee). Moris Snore. 
J. Tenn. Acad. Sci., 27:3 (’52). The O 
content of water in Reelfoot Lake decreases 
with depth of sampling, presence of decaying 
vegetation, higher content of CO., and lower 
alky. The relations of these factors to fish 
life are discussed. Notable variation in O 
was observed in the diurnal cycle with the 
max. shortly after sundown and the min. at 
daybreak.—C A 


Ground Water Resources of Beaver 
County, Pennsylvania. D. W. Van 
& N. H. Kiern. Penn. Geol. Surv. Bul. No. 
W9 (’51). Analyses of waters from 26 
wells are given.—CA 


Water Resources of the Mahoning River 
Basin, Ohio, With Special Reference to 
the Youngstown Area. W. P. Cross, M. 
E. Scuroeper, & S. E. Norris. U.S. Geol. 
Surv. Circ. No. 177 (’52). This study of 
water supply includes many chem. anals. of 
surface waters. At times of low water, poln. 
with nitrate can become a serious problem. 
CA 


Water Resources of the Detroit Area, 
Michigan. C. O. Wister, G. J. STRAMEL, 
& L. B. Latrp. U.S. Geol. Surv. Circ. No. 
183 (’52). Analyses of surface waters and 
well waters are given.—CA a 
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FOREIGN WATER SUPPLIES— 
GENERAL 


Drinking Water Supply of St. Ouen 
L’Aumone [Fr.]. M. VANbdANGE & R. M. 
Gretu. L’Eau, 39:73 (Apr. St. Ouen 
L’Aumone (pop. 4,800) in 1951 completed 
new water supply system satisfying its need 
for 0.13 mgd (peak: 0.24 mgd), soon to be 
boosted to 0.185 mgd, due to industrial de- 
velopments. Raw supplies, found insufficient 
underground, were secured from Oise R., 
strongly pold. by domestic and industrial 
wastes and necessitating very complete treat- 
ment, especially for odors due to phenols and 
sugar beet waste. Water system comprises 
treatment plant (capac. 0.63 mgd), 0.26- 
mil gal reservoir on 65’7" tower, and system 
of distr. mains. Concrete cylindrical reser- 
voir has little overhang over tower (also 
concrete), which itself rests on foundation 
vaults connecting 5 vertical ribs reinforcing 
tower. Plant design, chosen by competitive 
bidding, includes vertical screened river in- 
take, 2 low-pressure pumps bringing raw 
water and recirculated sludge in circulator 
unit also fed with alum- solution by pump, 
and 2 open rapid sand filters operating in 
parallel. Prechlorination of raw water is 
practiced in spring and fall to destroy algae, 
and emulsion of activated carbon is fed to 
circulator effluent for odor reduction. Filters 
backwashed with filtered water and com- 
pressed air once weekly for 20-25 min. 
Chloramines, as Cl. and (NH,).SO,, are 
added to filtered water for sterilization 
before storage in reservoir. Results obtained 
with highly turbid water (white disk never 
visible below 6’ of water in circulator) are 
excellent and constant. Costs reached 13,- 
000,000 fr. for reservoir and 17,000,000 fr. 
for plant —M. Albanese 


Savings and Water Supplies [Fr.]. M. A. 
Sayour. Tech. Sanit. et Munic., 47:47 
(Mar. ’52). Surveying present water sup- 
ply facilities in France, author shows that 
1,600,000 people in cities of from 5,000 to 
10,000 and 15,000,000 in rura! areas have no 
public water supplies; 3,000,000 of latter 
need private or consolidated supplies, and 
public works for other 12,000,000 require 
2.2 bil dollars to be spent over generation. 
Lag in undertaking these projects is due to 
reduced government credits, failure of local 
(municipal) loans, and, particularly, lack 


of investment capital, a general trend in 
French business; whereas avg. of 73% of 
budget was met by invested savings in 
1907-13, only 33% was invested in 1924-26, 
and 20% in 1952 (budget figured at pre- 
World War I exchange rate). Heavy taxes, 
reinvestment of profits, and, especially, con- 
stant depreciation of currency and govern- 
ment bonds are basic causes. Estd. 24 bil 
francs ($53,500,000 at ’52 exchange rate) 
could be attracted by limited government 
bonds or obligations convertible into regular 
stock—twice amount normally expected —M. 
Albanese 


Water Supply of the City of Essen [Ger.]. 
FrANz Potrykus. Gas- wu. Wasserfach 
(Ger.), 93:268 (52). After a brief his- 
torical survey, the present water supply plant 
is described. Water is secured by bank fil- 
tration, tube wells, and by infiltration. In 
periods of high water only the latter two 
sources are used, to minimize turbidity. The 
water is passed through settling basins to 
remove suspended materials and then through 
filter basins, which serve for an avg. of 120 
days before the upper sand layer must be 
removed. The bacteria count of the filtered 
water requires chlorination. The water is 
chlorinated after filtration through the Mn 
filters which use Magno mass, as it was 
found that the chlorinated water caused dif- 
ficulty. The water supplied to this filter 
must be satd. with O before treatment. 
Some difficulty was encountered with setting 
of the Magno material, but washing with air 
as well as water reduced the problem. 
Corrosion of the mains is reduced by using 
a proprietary material called “Ferrosil.”—C A 


Faringdon [Gt. Br.] Rural District Re- 
gional Water Supply Scheme. K. M. 
Hart. J. Inst. Munic. Engrs., 78:358 (’51). 
Acct. given of Faringdon Rural Dist. Council 
water supply scheme which is nearly com- 
pleted. The total pop. at present is 13,000 
but allowance has been made for an increase 
to 18,000. The estd. daily consumption for 
domestic, trade, and agricultural purposes is 
given. There are two service reservoirs of 
1 mil gal and 300,000 gal capac. Water of 
good quality is obtained from boreholes at 
Ashdown Park and Wicklesham. At Wick- 
lesham, very fine sand is removed by coagu- 
lation with aluminum sulfate and filtration. 
Both water supplies are chlorinated. The 
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Superior strength... economy of design 


In AMERICAN CONCRETE CYLINDER PIPE these four advanced design 


feetures give you greater strength with greatest economy of steel components. 


Manufactured in diameters 14” Steel cylinder provides a 
through 42” for pressures of - nai 
100 psi and greater. - positive water seal or mem- 
brane as well as part of the 
required total steel area*. (Thick- 
ness of the cylinder varies ac- 
cording to pipe diameters and 
general design requirements). 
Each cylinder is hydrostatically 
tested to a unit stress of at least 
22,000 psi. 


Centrifugally spun concrete 
lining is of proper mixture = 

and dense compaction. Its thick- 
ness adds rigidity and strength 7 
through “arching” effect (nom- 


inal minimum lining thickness is 
%” for 14” and 16” diameters 
and %” for larger diameters). 
Cylinder is lined prior to rod 


N 
\ 
3] Steel reinforcing rods, which sup-\ 
“an plement the required steel area*, 


wrapping. 
- are wrapped under measured tension Dense concrete jacket or a 
and accurate spacing around the con- coating (nominal minimum 
crete lined cylinder. The section modu- 1” thickness over the cylinder) is 
_ lus is thus increased while the concrete “locked” around the rod wrap- » 2 
4 lining is placed under slight initial ping over the entire surface of >. ae 
compression. The result is, in effect, a the cylinder. This is an impor- 
modified prestressed design. tant structural feature. 
*Total cross sectional steel area is based on 13,500 psi max. allowable unit stress at the de- ne 
sign operating pressure. a 
Superior design affords the most economical and effective use of steel and A 
_ concrete to produce the best quality of pressure pipe at less cost to the purchaser. - - 


<a Economical first cost plus ease of installation, sustained capacity and trouble 
free service all help to reduce the cost of delivered ——T 
Complete information upon request. 1950—A. P. & C. Co. 


Concrete Pipe for Main Water 
Supply Lines, Storm and Sanitary 
Sewers, Subaqueous Pipe Lines 


P.0. Box 3428, Terminal Annex, 
Los Angeles 54, California 


Main Offices and Plant—4635 Fire- 
stone Bivd., South Gate, Calif. 


District Sales Offices and Plants — Oakland @ San Diego @ Portland, Ore. 
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supply for the works at Buscot is taken from 
the river Thames, and the treatment plant 
consists of screens, sedimentation tanks, and 
filters. Aluminum sulfate is used as coagu- 
lant and activated carbon is added to reduce 
tastes and odors. Breakpoint chlorination 
has been adopted and sulfur dioxide is used 
to dechlorinate. Costs of the scheme are 


given—_WPA 


Water Supply, Cambridge, England. S. C. 

3owLes. W.W. Eng., 104:564, 602 (’51). 
The author gives an acct. of the development 
of the water supply in Cambridge from 1610. 
The present supply comes from wells at Ful- 
bourne and Fleam Dyke. The water is 
sometimes pold. by bacteria but it is of con- 
sistently good chem. quality, although it has 
a hardness of 250 ppm. Approx. half the 
supply is softened by ion exchange and the 
distributed water has a hardness of 130 ppm. 
Covered storage reservoirs are automatically 
controlled by the demand for water. The 
avg. consumption is 3.6 mgd and 110,000 
people are supplied.—W PA 


Scottish Water Supply Schemes. J. Brit. 
Water Works Assn., 33:100 (’51). Schemes 
to increase water supplies in Scotland in- 
clude the Fruid-Menzion scheme supplying 
Edinburgh and a regional scheme for the 
county of Midlothian. In the Fruid-Menzion 
scheme, approx. 6 mgd of water will be taken 
from the Fruid Water and Menzion Burn, 
tributaries of the Tweed. The regional 
scheme is designed to meet the requirements 
of housing developments and the Lothian 
coalfield. Works for treatment of the water 
will consist of microstrainers and slow sand 
filters. Other smaller schemes of the Edin- 
burgh Corp. Water Dept. are outlined.— 
WPA 


The Rossington Bridge and Butterbusk 
New Works of the Concaster [Gt. Br.] 
Corporation Water Undertaking. Anon. 
Wtr. & Wtr. Eng. (Br.), 56:253 (52). 
Old water works, originated in 1703, derived 
supply from Cheswold R. This water now 
being used for sanitary, fire, and other spe- 
cial purposes. Water for domestic and trade 
purposes derived from impounding reservoir 
at Thrybergh with capacity of 254 mil gal 
(Imp.) and watershed of 2,285 acres. After 
filtration, water conveyed by conduit 6 mi. 
to service reservoir at Warmsworth. Apart 


from temporary agreement with Sheffield 
Corp. for daily quantity of 133,000-200,000 
gal, present avg. supply to Doncaster is 
(mgd): from Thrybergh, 0.55; from Lang- 
sett, 1.0; from Nutwell, 1.35; and from 
Thornham, | 1.5. Additional bulk supply 
taken from Doncaster and Tickhill Joint 
Water Board at various points in area. 
Scheme for improvement was authorized in 
45, including Rossington Bridge works, 
Finningley works, Butterbusk works, and 
extension of pumping mains from Nutwell 
and Thornham sources. Rossington Bridge 
and Butterbusk works were opened in ’52. 
Former consists of two 33-diam. boreholes, 
485’ deep. Each well equipped with 10-stage 
Sulzer pumps, 200’ below floor level, capable 
of delivering 65,000 gph (Imp.) against total 
head of 440’. Each pump is driven by 200-hp 
slip-ring induction motor running at 970 
rpm. Butterbusk works comprise covered 
reinforced concrete service reservoir with 
capac. of 3 mil gal (Imp.); reinforced con- 
crete water tower with water level 92’ above 
top water level in adjoining reservoir, with 
capac. of 150,000 gal (Imp.); and 2 cen- 
trifugal pumps, each with capac. of 500 gpm 
(Imp.) against avg. head of 114’. Warms- 
worth pumping station equipped with 2 500- 
gpm centrifugal pumps to lift against head 
of 123’, moving water to Butterbusk Res. 
utilizing new 10” main about 4,800’ long. 
New 18” trunk main about 5,100’ long has 
been laid from Butterbusk Res. to borough. 
Thryberg supply is chlorinated to break- 
point at impounding reservoir, and Sheffield 
supply is chlorinated before leaving Sheffield. 
—H. E. Babbitt 


The New Water Works Scheme of the 
Depwade [Gt. Br.] Rural District Coun- 
cil. Anon. Wtr. & Wtr. Eng. (Br.), 56: 
264 (’52). Comprehensive scheme _ incor- 
porates distr. mains and water towers of 2 
systems of water supply serving Harleston 
ard Long Stratton parishes. Sources here 
are replaced by Rushall water works but are 
held as standby. New 18” borehole has been 
sunk into chalk at Diss to depth of 400’. 
Remodeled pumping plant will draw water 
from new and old boreholes, to pass through 
remodeled treatment plant, and lift water to 
Diss water tower and to new 145,000-gal 
tower to be erected near Burston Hall. 
8’-diam. well has been sunk to total depth 
of 113’ at Rushall. Water is lifted from 
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Save up to 80% 
of the space required 
by “old-style” water 
treatment plants with 
the Accelator 


—...and the Accelator is built only by Infilco! 


| Proved in over 1,500 installations 
Sow “oy throughout the world, the space-saving 


economies of the Accelator is but one 
of the many advantages thoroughly 
described by Infilco Bulletin 1825. 


Write for your copy today. 


INMFILCO INC. Tucson, Arizona Plants in Chicago & Joliet, Illinois 
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here into 250,000-gal water tower at Pulham. 
For purposes of distr., rural dist. has been 
ao divided into 5 zones, with anticipated demand 
of 0.5 mgd.—H. E. Babbitt 


Ludham Borehole: A Gravel Pack Well 
in The Norwich Crag [Gt. Br.]. C. L. 
Forses. J. Inst. Wtr. Engrs. (Br.), 6:362 
(52). It was decided to drill well near 
- Ludham Airfield to yield 24,000 gph from 
base of Norwich Crag. Samples taken from 
pilot bore were submitted to sieve analysis 
to determine grain size distribution in aquifer. 
Jecause of nature of aquifer and pumping 
test on pilot bore, it was decided to use 
gravel pack consisting of 4” layer of well- 
rounded Bridport gravel. During 
course of development, samples were taken 
to determine nature and rate of extraction 
of sediment from well. Peak rate of sedi- 
ment production was reached 2-3 min after 
starting pumps, and this fell away to low 
value, slowly at commencement of develop- 
ment, but rapidly in later stages. Most sedi- 


ment could be extracted by repeated stopping 
restarting of pumps. 


Records of draw- 
down and pumping rates show that, for given 
pumping rate, drawdown decreased appre- 
ciably during course of development, indi- 

ss cating that extraction of finer sediment from 
aquifer was having desired effect. It was 

concluded that rate of sedimentation produc- 
tion was zero approx. 15 min after com- 

of pumping at 24,000 gph. It 

was evident that safe continuous rate of 

_ pumping gives adequate margin over desired 

24,000 gph.—H. E. Babbitt 


_ A Rural Water Supply Scheme [Gt. Br.]. 

-R. W. Hawkey. Wtr. & Wtr. Eng. (Br.), 

$6:339 (’52). Docking Rural Dist. of Nor- 
folk, with 30 parishes, totaling 87,386 acres, 

is one of driest areas in Britain. In '45 
council prepared scheme for all villages 

in rural dist. It involves one 18” bore- 

hole to depth of 175’ capable of yielding 
aed 31,000 gph (Imp.) and second borehole, 
close to first, to depth of 165’. Future de- 
mand estd. at 25 gpcd for domestic use, 

and 7.5 gped for agricultural use. New 

_ pumping station has been constructed over 

- boreholes from which water is pumped to 
new reservoir and water tower. Mains have 
been laid so that water is within easy reach 
of about 99% of pop. Pumping station is 
designed to supply 340,000 gpd, and reservoir 


and water tower provide storage for about 
2 days’ demand. Each pumping unit con- 
sists of 4-stage borehole pump with approx. 
54’ of shaft, driven by 51l-hp vertical a-c 
motor at pumphouse floor level. Each pump 
will deliver 17,100 gph against total head of 
317.5’. Concrete reservoir has 400,000-gal 
capac., and water tower 225,000-gal capac. 
Mains consist of 3-12” spun-iron pipes and 
have flexible screwed-gland spigot and socket 
joints—H. E. Babbitt 


Stanion Lane Filter Station, 1949 [Gt. 
Br.J. G. C. S. Ottver. J. Inst. Wer. 
Engrs. (Br.), 6:196 (’52). Filter plant 
consists of dry chem. storage bldg., coagu- 
lation and flocculation tanks, 4 rapid sand 
gravity filters to run at 2 gpm (Imp.)/sq ft, 
one 100,000-gal filtered-water underground 
tank, and pumps. After 6 mo. operation in 
’42, sand was covered with black mud 
wrapped around sand grains. Substance 
contained 72.4% alum and chalk and 27.6% 
organic matter. Removal of layer of this 
substance had no effect on filter runs. Tastes 
appeared toward end of ’43. Chem. dosages 
were increased as follows: alum, 42 to 49 
ppm; chalk, 7 ppm; and activated carbon, 
7 ppm, with attempt to reduce turbidity from 
3 to 1 ppm. Filter runs quickly deteriorated 
and mud accumulated alarmingly. Mud was 
scraped off weekly with addn. of clean 
makeup sand. Despite this, mudballs devel- 
oped below sand surface. Air agitation 
failed to come through in many places. 
Meanwhile several remedial measures were 
being taken. Sand was removed from filter 
and cleaned by scrubbing in trough with 
water agitation. Lab. tests showed that 
however much sand was washed it would 
have to be chemically treated, and this could 
be done with chlorine and caustic soda. 
After filter was taken out of service, water 
was drawn down to 2” over filter surface, 
20 ppm chlorine was added, and filter was 
agitatee with air and allowed to stand 3 
days. 5% soln. of caustic soda was added, 
and hourly agitation with air was tried for 
8 hr. Filter was repeatedly washed there- 
after in ordinary way until caustic soda had 
been removed. Foot of medium was then 
removed and further doses of chlorine and 
caustic soda applied.« In autumn of °43 fil- 
tered water had distinct taste and smell, and 
turbidity rose to well over 3 ppm. Wash 
water rose to 50%. Prechlorination was 
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if you are interested in piping, write today for the CARLON 

“Answer Sheet”. It presents concise, factual answers to the 22 most 
frequently asked questions about CARLON plastic pipe — what is it? 

how is it installed? .. . how does the price compore with other types? . . . 
what are the recommended pressures and temperatures? .. . etc. 

In addition, the reverse side covers installation procedure with 

detailed instructions and photographs. 


ate” 


For the truth about CARLON plastic pipe, - 
write today for the new “Answer Sheet” Buy he Pye wilh the Stupe! 
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CARLON PRODUCTS CORP. 
10300 Meech Ave, Cleveland 5, Ohio CARLON PRODUCTS 
Please send your new CARLON “Answer 
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City Zone——State Export: H. E. Botzow, New York City 
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adopted at end of "43 and conditions im- 
proved during first half of 44. In spring 
of °45 there was heavy diatom growth in 
reservoir which prevented high alum dosage. 
Early in '44 it had become evident that 
drastic alterations to plant were necessary. 
This involved installation of circular, vertical 
sedimentation tank with 44-hr retention time 
at flow of 1 mgd (Imp.). At rising veloc. 
of 0.001 fps, floc was left at bottom of tank. 
Chlorination before sedimentation eliminated 
algal tastes. 3.5-7.0 ppm activated carbon 
was added after sedimentation but before 
filtration to eliminate earthy tastes.—/H]. E. 
Babbitt 


The Water Supply of the Sindri Fertilizer 
Factory, Bihar, India. Anon. Wtr. & 
Wtr. Eng. (Br.), 56:167 ('52). Sindri is 
small village on Damodar R. approx. 14 mi. 
downstream from Dhanbad. Works required 
for needed water supply consisted of barrage 
on Gowai R., tributary to Damodar R. 
approx. 4 mi. above Sindri, infiltration gal- 
lery to tap water available in sands in 
Damodar bed, and necessary riverside pump- 
ing and purification works. Construction of 
barrage has created lake impounding 0.8-1.0 
bil gal (Imp.) of water. Catchment area 
above barrage is roughly 374 sq mi with max. 
discharge of approx. 70,000 cfs. Dam is 930’ 
between abutments, divided into 26 spans, 
each of 30’. Central 14 spans have steel lift 
gates. Works were opened on Nov. 7, ’51. 
Pumping station and infiltration gallery were 
completed in June ’51. Final units of filtra- 
tion plant were put into operation in Nov. 
51. Water for both boiler and process use 
is softened in cold-lime softening plant and 
clarified using sodium aluminate. Paterson 
type clarification plant is designed to handle 


7,000 gpm (Imp.). Softening and clarifica- 
tion are effected in “Accelator” plant, giv- 
ing water with turbidity of 10 ppm or less. 
Feed to boilers consists of return condensate 
and makeup from clarification plant. Feed- 
water heating and treatment systems consist 
of four groups: [1] hot-process softener; 
|2] deaerators; [3] feedwater supplementary 
treatment; and [4] closed feedwater heaters. 
For softening raw makeup water, Permutit 
type pressure lime softeners operating in 
parallel have been installed, each with capac. 
of 250,000 Ib hourly. Separate Permutit 
combined deaerating heaters are provided for 
dealing with condensate, each with capac. of 
250,000 Ib hourly. High rate of makeup 
requires considerable boiler blowdown to 
keep total solids below 3,000 ppm. Because 
of undeveloped stage of Sindri area it has 
been necessary to construct large thermal 
powerhouse and to take elaborate measures 
to safeguard water supply.—/H7. E. Babbitt 


Seasonal Variations of the Chemical Con- 
stituents in River Waters [Japan]. TaxKa- 
HISA HANYA & TADASHI OKABAYASHI. J. 
Chem. Soc. Japan, Pure Chem. Sec., 73:97 
(52). Seasonal variations of chem. con- 
stituents of 6 rivers in Japan—Abukuma, 
Tone, Arakawa, Saikawa, Nagara, and Ota 
—discussed, 1935-1941 data used. Alky. 
increases in summer and decreases in winter. 
Cl ion increases in Jan., Feb., May, June, 
and July and decreases in Sept., Oct., and 
Nov. Sulfate decreases in Aug., Sept., and 
Oct. and increases in Dec., Jan., and Feb. 
Silicate increases in Jan., Feb., Sept., Oct., 
and Dec. and decreases in May and June. 
Consumption of KMn0O, increases in Jan., 
Feb., and March and decreases in May, June, 
Aug., Sept., and Oct.—CA 


Bach in stock! 


Distributed in 
U.S. by: 


Manual of British Water Supply Practice 
Compiled by the Institution of Water Engineers, London 
The essence of the water supply art, as practiced in Great 
Britain, is well documented in this 900-page compilation. 
Generously supplied with illustrations and reference lists. 


Price $7.50 


American Water Works Association, Inc. 
521 Fifth Avenue 


New York 17, N.Y. 
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DE LAVAL 


SEWAGE 


Three De Laval sewage pumps are 
on the job in the City of Baltimore’s 
new Brooklyn Sewage Pumping 
Station built for today’s need and 
planned for future expansion. 
Two of these high efficiency motor- 
driven horizontal pumps have a ca- 
pacity of 3,000 gpm and the third a 
capacity of 7,000 gpm. Later, as flow 
increases, the two 3,000 gpm units 
can be replaced by a 7,000 gpm pump. 


AWWA 


serve Baltimore’s 
new plant 


Slow speeds of these De Laval 
pumps insure long life, large pas- 
sageways reduce clogging and 
nickel-chrome cast iron casings and 
impellers assure long wear. 

Baltimore is another of a long list 
of cities being served by De Laval 
pumps. A centrifugal 
pump line is built on 50 years ex- 
perience at De Laval — pioneer in 
the municipal pumping field. 


complete 


Sewage Pumps 


DE LAVAL STEAM TURBINE COMPANY 
822 Nottingham Way, Trenton 2, New Jersey 
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California Section: The thirty-third 
annual conference of the California Sec- 
tion was held in Pasadena on October 
28-31, with headquarters at the Hunting- 
ton Hotel. Chairman Joseph D. De- 
Costa presided. The registration of 1,434 
was a new record for the section. 

The technical began on 
Wednesday afternoon with a paper on 
“Forty Years Developing a Water Sys- 
tem” by Duncan Blackburn, assistant chief 
engineer of the Pasadena Water Dept. 
A paper on “Accident Prevention” was 
presented by Merle Jackson, safety engi- 
neer for the State Div. of Industrial 
Safety. Three papers were presented on 
water system records: 
tem Records” by Frank E. Alderman, 
consulting engineer; “Production and 
Supply Records” by Marvin H. Owen, 
senior mechanical engineer, I:os Angeles 
Dept. of Water and Power; and “Impor- 
tance of Records to Management” by 
Everett L. Clark, consulting engineer. 

On Thursday the three divisions held 
parallel sessions under the chairmanship 
of the division chairmen. ‘The Business 
Management Division session was con- 
ducted by Philip F. Walsh, the Water 
Supply and Distribution Division session 
by M. J. Shelton, and the Water Puri- 
fication Division by Blair I. Burnson. 

The general session on Friday began 
with a paper on “Coatings for Steel 
Water Pipe” by Walter H. Cates, man- 
ager, Hydraulic Div., Consolidated West- 
ern Steel Co. R. C. Kennedy, chief engi- 
neer for the East Bay Municipal Utility 
Dist. presented a paper on the district’s 
experience and methods in _ protecting 
steel pipe with cement-mortar linings and 
coatings. Robert B. Diemer, general 


sessions 


“Distribution Sys-. 


manager and chief engineer of the Metro- 
politan Water Dist. of Southern Cali- 
fornia reviewed the “Expansion of the 
Colorado River Aqueduct System.” 

A paper on “Cloud Physics, Its Theory 
and Application” was presented by Eu- 
gene Bollay of North American Weather 
Consultants, Pasadena. President Charles 
H. Capen reviewed the probable water 
development in the future. “NPA Con- 
trols and the Future” was the subject of 
a paper presented by E. T. Sharp, super- 
intendent of stores for Los Angeles Dept. 
of Water and Power. A paper on “What 
Are We Doing to Improve Our Water 
Supply in San Diego County” was pre- 
sented by James P. Slater, chief, Div. of 
Sanitation, Dept. of Public Health, San 
Diego County. 

A M Rawn, chief engineer and gen- 
eral manager of the Los Angeles County 
Sanitation Dist., presented a paper on 
“Integrating Reclamation and Disposal 
of Waste Water.” The “California 
Civil Defense Plans” were reviewed by 
Samuel B. Nelson, member of the Gov- 
ernor’s Utility Advisory Committee on 
Civil Defense, and assistant chief engi- 
neer of water works, Los Angeles. 
He emphasized that under the plan the 
water utilities would, during an emer- 
gency, be directed by regional water 
operating engineers who report to and 
receive orders from a state water operat- 
ing engineer. Liaison is maintained with 
the Regional Civil Defense office through 
a water service chief. 

The Executive Committee of the Sec- 
tion met on Thursday morning to trans- 
act business and receive the reports from 
committees and divisions. A complete 
report rendered by the Fluoridation Com- 
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A()-toot steps 


Long, 50-foot lengths of Armco Welded Steel Pipe mean 

that you can reduce the number of joints, simplify handling 

and hauling —and thereby speed up the job to cut installa- 
tion costs. 

Also with Armco Pipe you can select from a wide range 
of diameters (6 to 36 Inches) and wall thicknesses (‘(,4- to 
1,-inch). 

Still another advantage is the ample strength plus duc- 

“ tility of Armco Pipe. It resists pressure surges and the 
impact of heavy loads without damage. A spun-enamel lin- 
ing prevents tuberculation. Outside coatings are available 
in accordance with A.W.W.A. specifications. 

_ Use Armco Welded Steel Water Pipe for supply lines, 

_ force mains or water works piping. Write for information 
on your specific needs. Armco Drainage & Metal Products, 

_ Inc., Welded Pipe Sales Division, 1643 Curtis Street, Mid- 
dletown, Ohio. Subsidiary of Armco Steel Corporation. 
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Section Meetings 


mittee under the chairmanship of H. 
Christopher Medbery is to be sent out 
to the members of the section. The Con- 
vention Location Committee for 1954 
selected Monterey for the Spring meeting 
and Long Beach for the regular confer- 
ence. There was a discussion on the 
manufacturers association financial par- 
ticipation in the section meeting and it 
was decided that the Friday night banquet 
sponsored by the manufacturers with all 
AWWA members and their wives regis- 
tered at the convention eligible for free 
tickets was a satisfactory type of par- 
ticipation. Discussions on utility costs 
in the relocation of facilities in highway 
construction and the new AWWA Re- 
search Committee were placed on the 
agenda for the spring meeting. A _ reso- 
lution supporting California’s stand in the 
Colorado River controversy was passed. 
The general business meeting was held 


Automatic INVERSAND Water Softening & Acticar Taste and Odor Removal Plant—producing 


clear, 100% soft, palatable water. 


We build complete water treatment facilities, both large and small, for every need. 
treatment for local conditions, municipal and industrial, is our specialty. 


(Continued from page 80) 


on Friday afternoon. ‘The divisions re- 
ported the election of the following chair- 
men: Business Management, John W. 
McFarland, Oakland; Water Supply and 
Distribution, Carl A. Lauenstein, San 
Francisco; and Water Purification, Lee 
Streicher, La Verne. The newly elected 
officers for the section were: chairman, 
Laurance E. Goit, Los Angeles; vice- 
chairman, H. Christopher Medbery, San 
Francisco; and the new members to the 
Executive Committee were: Kenneth W. 
Brown, San Francisco; Robert B. Diemer, 
Los Angeles; Leslie A. Hosegood, San 
Bernardino; and Frank M. Brooks, Pasa- 
dena. Chairman DeCosta reported that 
Morris Jones had resigned as national 
director and Lauren W. Grayson had 
been appointed to complete the term. 

On Wednesday night the “All Divi- 
sions Dinner” was held in the Hunting- 
ton Hotel with Chairman DeCosta as 
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Write for Bulletins that describe our water treatment plants. 
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opger High Efficiency 


In many large meter shops the volume of 
testing justifies special equipment. The 
possibilities are worth investigating. 

Write for information. 
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— of ceremonies. The principal 
speaker was W. Ballentine Henley, mem- 
ber of the Los Angeles Board of Water 
and Power Commissioners, who gave an 
inspirational talk on the place and im- 
portance of the water works industry. 
President Charles H. Capen gave greet- 
ings from the national office and presented 
Life Membership certificates to Carroll 
B. Abbott, Melvin L. Enger, Ingwald E. 
- Flaa, and Fred J. Klaus. Burton S. 
Grant presented the Fuller Award nomi- 
nation to John S. Longwell and the El- 
liott Award to Walter H. Cates. The 
prizes for the golf tournament were pre- 
sented by Claude T. Faw. 
_ On Friday night all those attending the 
_ convention were guests of the Water and 
Sewage Works Manufacturers Associa- 
tion at the annual banquet. J. H. Peter- 
son was master of ceremonies and the 
~ entertainment was arranged for by K. A. 
Keirn. 

Luncheon on Thursday was held on the 
Huntington Hotel Pool Terrace where 
the 1952 Water Works Aquacade was 
held. Women’s entertainment included a 
play review by Edna Steams Dayton on 
Wednesday, a suggested visit to the Pasa- 
dena Playhouse on Thursday night and a 
trip on Friday to the Forest Lawn 

Memorial Park. 
J. C. LutHIn 
Secretary-Treasurer 


Virginia Section: The Virginia Sec- 
tion held its nineteenth annual meeting at 
the Chamberlin Hotel in Old Point Com- 
fort on November 5-7, 1952. A total of 
237 members and guests were registered, 
establishing a new attendance record. 

Wednesday morning, November 5, was 
devoted to registration and committee 
meetings. Preliminaries at the opening 
session Wednesday afternoon were pre- 
sided over by Chairman Bryant L. 
Strother, who welcomed the group and 
urged their participation in the discus- 
sion of subjects presented. 

“Selection, Positioning and Servicing 


(Continued from page 82) 


of Chemical Feeders” was the topic of the 
first paper, presented by Rollie J. Le- 
veque, sales manager of the Omega Ma- 
chine Co., Providence, R.I. G. R. Tal- 
cott, engineer of the firm of R. Stuart 
Royer & Assoc., Richmond, led an open 
discussion on the subject. The next 
scheduled presentation was entitled “Wa- 
ter Works Picture,” a word and picture 
description of the water supplies at Alex- 
andria, Norfolk, and Newport News. 
E. H. Aldrich, chief engineer of the 
American Water Works Service Co., 
Philadelphia, described Alexandria’s new 
filtration plant. W. G. Beasley, chemist 
of the Div. of Water Supply, Norfolk, 
gave a historical sketch of the growth of 
Norfolk’s water system and showed slides 
of the new Moores Bridges filtration 
plant. M. G. Welsh, mechanical engineer 
of the Newport News Water Works Com., 
presented a most interesting story of the 
Newport News system which has over 
700 miles of mains serving the Peninsula 
area. 

The first scheduled paper of the Thurs- 
day morning session, “New Alloys and 
Materials of Construction for Special 
Chemicals,” was read by Michael Monack 
in the absence of L. R. Honnaker of 
E. I. du Pont de Nemours & Co., Wil- 
mington, Del., the author of the paper. 
Executive Asst. Secy. Raymond J. Faust 
of AWWA discussed “The Application 
of a Safety Program to the Water Works 
Industry” (see January issue, p.19). The 
final morning session included a panel on 
“Billing and Collection Problems,” led by 
R. D. Wright, director of the Lynchburg 
Water Dept. H. B. Rice, city manager 
of Williamsburg; Seth Burnley, city man- 
ager of Staunton, and Wallace White of 
the Dept. of Public Utilities, Richmond, 
participated. 

The first paper on Friday morning: was 
entitled “Pollution Abatement and Raw 
Water Quality” by A. H. Paessler, ex- 
ecutive secretary of the State Water Con- 
trol Board, Richmond. The second pres- 
entation was a paper by Fred E. Stuart, 
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TRENCH 
POURED 


BELL & SPIGOT 
PRECALKED 


REDWOOD 
WEDGES 


joa 


‘through years of service. 


ss Seleet any of these three types of joint when you order | 
-- MeWane-Pacific Super-DeLavaud Cast Iron Pipe, 18-foot 
ss Jaying lengths. All three types of joint are tried and tested 


‘The Joints illustrated above recalked and Boltite) 


> 


Sete 


Joint has all of the “joint (lifelong as 
redwood wedges and pure virgin lead) placed in the bell at 
our foundries. All you do is “socket and calk it.” 
Boltite is a bolted, flexible joint, designed on the stuffing — 


box principle. The thick gasket is compressed by the 


gland until the joint is bottle-tight. 


MeWane-Pacifie pipe also 


bolted 


-Pacific also is available in 2-inch 
24-inch diameters, 18-foot laying lengths. Write or wire— 


McWANE Cast Iron Pipe Company 
Birmingham, Ala. 
Pipe Sizes 2” thru 12” 
Sales Offices 


PACIFIC STATES Cast Iron Pipe Co. 


Provo, Utah 
Pipe Sizes 2” thru 24” 


Birmingham 2, Ala. ......P. O. Box 2601 
Chicago 1, Ill 333 North Michigan Ave. 
New York 4, N. Y . 80 Broad Street 
Kansas City 6, Mo. 1006 Grand Avenue 
Dallas 4, Texas....._.. . 3200 Maple Avenue 


Sales Offices. 

Provo, Utah........ 

Denver 2, Colo.. Blake Street 
Los Angeles 48, Cal. "6399 Wilshire Blvd. 
San Francisco 4, Cal... .235 Montgomery St. 
Portland 4, Oreg... 501 Portland Trust Bidg. 
Salt Lake City ..... Waterworks Equip’t Co. 
Seattle 4, Wash. . 1806 Smith Tower Bidg. 
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(Continued from page 84) 
president of Stuart Corp., Baltimore, Md., 
on “Coagulation and Its Effect on Fluori- 
dation.” The final session of the meeting 
was a panel discussion on “Distribution 
System— Maintenance, Repairs, and Prac- 
tices.” The panel was led by Whitworth 
Cotton, city engineer of Petersburg, and 
included J. B. Ferguson, superintendent, 
Roanoke Water Dept., R. L. Maury, di- 
rector, Public Works, Martinsville, and 
T. W. Edwards, city engineer, Charlottes- 
ville. 

On Thursday afternoon the group was 
taken on a sightseeing tour of the Hamp- 
ton Roads Harbor. The local arrange- 
ments committee arranged for the boat 
trip with the U.S. Coast Guard, which 
made available its large Coast Guard 
vessel “The Chincoteague.” 

Entertainment features in addition to 
the boat trip included a floor show and 
dance on Thursday night. The ladies 
were entertained on Wednesday afternoon 
at the Jefferson Davis Case-Mate and on 
Thursday morning there was a session of 
bridge and other card games. 

The annual banquet was held on Thurs- 
day night and “Old Dominion Citation” 
awards were presented to Richard Wag- 
ner and A. W. Lamond. Life Member- 
ship Certificates in AWWA were pre- 
sented to Richard Messer, Bob Bardwell, 
Richard Wagner, Louis Geupel, and C. 
W. Smedberg. C. E. Moore announced 
that by unanimous choice the Fuller 
Award Committee had selected M. J. 
“Mike” Siebert as nominee. 

W. H. SHEWBRIDGE 
Secretary-Treasurer 


SERVICE LINES 


Vol. 45, No. 2 


An all-purpose centrifugal pump that 
can move up to 500 gpm, or handle heads 
up to 135 ft, is described in a folder, Bul. 
52B6691A, on frame-type centrifugal 
pumps offered by Allis-Chalmers Mfg. 
Co., 1026 S. 70th St., Milwaukee, Wis. 
Head and capacity can be changed by 
changing the sheave size on the V-belt 
drive. 


An “Industrial Waste Treatment 
Guide” has been issued by B-I-F Indus- 
tries, 345 Harris Ave., Providence 1, 
R.I., as B-I-F Bul. 4. It describes types 
and combinations of treatment that are 
applicable to various industrial waste 
products. 


A construction data handbook has 
been issued by A. C. Horn Co., 10th St. 
& 44th Ave., Long Island City 1, N-Y.., 
manufacturers of building maintenance 
and construction materials. The 106-p. 
booklet includes tables of dimensional and 
other reference data useful in masonry 
work and the surfacing of buildings, and 
catalog information on cements, caulking 
compounds, and various paints and 
coatings. 
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MACHINE BLENDED 


SELF-CAULKING 
cc JOINT COMPOUND 
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SPRING VALLEY, N. Y. 


NORTHROP & COMPANY, INC. 


BELL & SPIGOT 
CAST IRON 
WATER PIPE 
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Latest Permutit Precipitator 
Saves up to 40% in Chemicals 


Today’s sludge-blanket Precipitator 
is the most efficient type of coagula- 
tion, precipitation and settling 
equipment. Particularly economical 
for the removal of turbidity, color, 
taste and odor and for softening 
water, reducing alkalinity and re- 
moving silica by the cold lime-soda 
process. 

The secret of its amazing efficien- 
cy and adaptability, upward filtra- 
tion through a suspended sludge- 
blanket, assures complete usage of 
lime and other chemicals . . . saving 
up to 40%. 

Resultant prolonged and intimate 
contact prevents the formation of 


WATER CONDITIONING HEADQUARTERS 


FOR FORTY YEARS 


“after deposits” which generally .. 
eliminates the need for recarbona- 
tion. Detention period of only one 
hour gives the same results as 2 to 4 
hours of conventional equipment... 
making for a more compact plant 
.. yet produces an effluent turbidity 
of less than 5 ppm! 

For full information write to: 
The Permutit Company, Dept. JA-2, 
330 W. 42nd Street, N. Y. 36, N. Y., 
or to Permutit Co. of Canada, Ltd., 
6975 Jeanne Mance St., Montreal. 

P. S. Don't forget that Permutit 
can also convert old conventional 
type settling basins to modern 
sludge-blanket Precipitators. 


PERMUTIT 
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AMONG WATER WORKS MEN 


THE HEAVY-DUTY 
ELLIS 
PIPE CUTTER 


is BEST 


FOR CUTTING LARGE 
SIZES OF PIPE 


No. 01 Cuts Pipe 4” to 8” 
No. 1 Cuts Pipe 4” to 12” 


Write for circular and price list 
No. 35J, on our complete line of 
pipe cutting tools. 


ELLIS & FORD MFG. CO. 
2425 Goodrich Ave. Ferndale, Michigan 


Phone Lincoln 2-5620 


FOR REPAIRING 
BELL AND SPIGOT 
JOINT LEAKS... 


The only clamp 
with these two 
important fea- 
tures. Gasket 
is completely 
SEALED. Mas- 
sive %” electro- 
plated bolts. 
42" incl. 


Write for Catalog. 


M. B. SKINNER CO. 


SOUTH BEND 21, INDIANA, U.S.A. 
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“Hot Water Temperature Control’ is 
the subject of a circular distributed by 
Water Service Labs., Inc., 423 W. 126th 
St., New York 27, N.Y. The supply of 
hot water to large but individual buildings 
(such as apartment houses) is discussed, 
tracing each of half a dozen usual methods. 


An X-ray spectrographic chart for ele- 
ments from sodium to uranium (atomic 
numbers 11-92) is being offered by the 
Research & Control Instruments Div., 
North American Philips Co., 750 S. Ful- 
ton Ave., Mt. Vernon, N.Y. The chart 
is approximately 17 by 22 in., and suitable 
for wall display. 


A pocket calendar and data card of 
plastic is being distributed by Armco 
Drainage & Metal Products, Inc., Mid- 
dletown, Ohio. Included, besides the 
1953 calendar and the Armco name, are 
a sheet steel gage table, circular area 
equivalents, and other data. 


The microfilming services offered by 
Remington Rand Inc., 315—4th Ave., 
New York 10, are described in an 8-p. 
booklet just issued. The types of film 
available and the procedure to be fol- 
lowed in transferring records to film are 
depicted. 


Fluoridators are described in an illus- 
trated folder distributed by Wallace & 
Tiernan Co., Box 178, Newark 1, N.]J. 
Solution-feed, volumetric and gravimetric 
models are offered. 


Interlocked, diecut reference cards are 
shown and their applications to commer- 
cial uses described in an 8-p. booklet on 
the Remington Rand Chaindex system. 
Copies of the bulletin, which is known as 
KD 574, may be obtained from Reming- 
ton Rand Inc., 315—4th Ave., New York 
10, N.Y. The cards come in a variety of 
sizes and overlapping exposures and may 
be fed into a typewriter singly or in 
linked groups. 
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ELEVATED 
TANKS, 
RESERVOIRS, 
SPHERES AND 
STANDPIPES 


..» built to all standard 
codes and specifications 
including: A.W.W.A. 
N.B.F.U. F.LA. Fae- 
fory Mutual. 


HAMMOND IRON WORKS 


WARREN, PA. and BRISTOL, PA. 


Sales Offices’ NEW YORK 20 * AKRON * BOSTON 10 * BUFFALO 2 * CHICAGO 3 * CINCIN- 
NATI 2 * CLEVELAND 15 * EL PASO * HOUSTON 2 * LOS ANGELES 14 * PITTSBURGH 19 
RICHMOND 20 * SAN FRANCISCO * WASHINGTON 6, D C * HAVANA * "TIPSA,"’ BUENOS AIRES 
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Index of Aduertisers’ 


Activated Carbon: 
Industrial Chemical Sales Div. 
Permutit Co. 


Aerators (Air Diffusers): 
American Well Works 
Infilco Inc. 

Permutit Co. 


Air Compressors: 
Allis-Chalmers Mfg. Co. 

DeLaval Steam Turbine Co. 
Morse Bros. Mchy. Co 
Worthington Pump & Mach. Corp 


Alum (Sulfate of Alumina): 

American Cyanamid Co., Industrial 
Chemicals Div. 

General Chemical Div. 


Ammonia, Anhydrous: 
General Chemical Div. 


Ammoniators: 
Proportioneers, Inc. 
Wallace & Tiernan Co., In 


Brass Goods: 
American Brass Co. 
M. Greenberg’s Sons 
Hays Mfg. Co. 

ames Jones Co. 
Mueller Co. 

A. P. Smith Mfg. Co 


Carbon Dioxide Generators: 
Infileo Ine. 
Walker Process Equipment, Inc. 


Cathodic Protection: 
Electro Rust-Proofing Corp. 


Cement Mortar Lining: 
Centriline Corp. 

McWane Cast Iron Pipe Co. 
Pacific States Cast Iron Pipe Co. 
Warren Foundry & Pipe Corp. 


Chemical Feed Apparatus: 
Cochrane Corp. 
Infilco Inc. 
Omega Machine Co. 
ers Iron Fdry.) 
Permutit Co. 
Proportioneers, Inc. 
Ross Valve Mfg. Co. 
Simplex Valve & Meter Co 
Wallace & Tiernan Co., Inc. 


Chemists and Engineers: 
(See Prof. Services, pp. 25-29) 


Chlorination Equipment: 
Builders-Providence, Inc. 
Proportioneers, Inc. 

Wallace & Tiernan Co, Inc 


Chlorine Comparators: 
Hellige, Inc. 

Klett Mfg. Co 

Wallace & Tiernan Co., Inc 


Chiorine, Liquid: 
Solvay Process Div 
Wallace & Tiernan Co., Inc 


Clamps and Sleeves, Pipe: 
James B. Clow & Sons 

Dresser Mfg. Div. 

M. Greenberg’s Sons 

ames Jones Co. 

McWane Cast Iron Pipe Co. 
Mueller Co. 

Pacific States Cast Iron Pipe Co. 
Rensselaer Valve Co. 

Skinner, M. B., Co. 

A. P. Smith Mfg. Co. 
Smith-Blair, Inc. 

Clamps, Bell Joint: 
Carson-Cadillac Co. 

James B. Clow & Sons 

Dresser Mfg. Div. 

Skinner, M. B., Co. 
Smith-Blair, Inc. 


(Div., Build- 


Clamps, Pipe Kepuair: 
James B. Clow Sons 

Dresser Mfg. Div. 

McWane Cast Iron Pipe Co. 
Pacific States Cast Iron Pipe Co. 
Skinner, M. B., Co. 

Smith- Blair, Inc. 

Warren Foundry & Pipe Corp. 
Clarifiers: 

American Well Works 

Belco Industrial Equipment Div. 
Chain Belt Co 

Cochrane Corp. 

Dorr Co 

Graver Water Conditioning Co 
Infilco Inc. 

Permutit Co. 

Walker Process Equipment, Inc 
Cleaning Water Mains: 


Natio nal Water Main Cleaning Co 

Condensers: 

United States Pipe & Foundry Co 

Contractors, Water Supply: 

Boyce Co., Inc. 

Layne & Bowler, Inc 

Controllers, Liquid Level, 
Rate of Flow: 

Builders-Providence, Inc 

Infilco Inc 

Simplex Valve & Meter Co 

Sparling Meter Co., Inc. 

Copper Sheets: 

American Brass Co. 

Copper Sulfate: 

General Chemical Div 

Phelps Dodge Refining Corp. 

Tennessee Corp. 

Corrosion Control: 

Calgon, Inc. 


Dearborn Chemical Co. f 


Couplings, Flexible: ew 

DeLaval Steam Turbine Co 

Dresser Mfg. Div. 

Philadelphia Gear Works, Inc 

Smith-Blair, Inc. 

Diaphragms, Pump: 

Dorr Co 

Morse Bros. Mchy. Co. 

Distribution System Analyz- 
ers: 

Standard Electric Time Corp. 

Engines, Hydraulic: 

Ross Valve Mig. Co 

Engineers and Chemists: 

(See Prof. Services, pp. 25-29) 

Feedwater Treatment: 

Allis-Chalmers Mfg. Co. 

Belco Industrial Equipment Div. 

Calgon, Inc. 

Cochrane Corp 

Dearborn Chemical Co. 

Graver Water Conditioning Co 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co 

Worthington Pump & Mach. Corp. 

Ferric Sulfate: 

Tennessee Corp. 

Filter Materials: 

Johns-Manville Corp. 

Infilco Inc 

Northern Gravel Co 

Permutit Co. 

Filters, incl. 

Cochrane Corp. 

Dorr Co 

Infilco Inc. 

Morse Bros. Mchy. Co. 

Permutit Co. 


Feedwater: 
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Refinite Sales Co. 
Roberts Filter Mfg. Co. 
Ross Valve Mfg. Co. 


Filtration Plant Equipment: 

Chain Belt Co. 

Cochrane Corp. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Omega Machine Co 
ers Iron Fdry.) 

Permutit Co. 

Roberts Filter Mfg. Co. 

Stuart Corp. 

Welsbach Corp., 
div. 


(Div., Build- 


Ozone Processes 


Fittings, Copper Pipe: 
Dresser Mfg. Div. 

M. Greenberg’s Sons 

Hays Mfg. Co. 

James Jones Co. 

Mueller Co. 

A. P. Smith Mfg. Co. 
Fittings, Tees, Ells, ete.: 
American Cast Iron Pipe Co. 
Carlon Products Corp. 

Cast Iron Pipe Research Assn 
James B. Clow & Sons 
Crane Co. 

Dresser Mfg. Div. 

James Jones Co. 

Kennedy Valve Mfg. Co. 

M & H Valve & Fittings Co. 
McWane Cast Iron Pipe Co. 
Pacific States Cast Iron Pipe Co. 
United States Pipe & Foundry Co 
Warren Foundry & Pipe Corp. 

R. D. Wood Co 

Flocculating Equipment: 
Chain Belt Co. 

Cochrane Corp. 

Dorr Co. 

Infilco Inc. 

Permutit Co. 

Stuart Corp. 

Walker Process Equipment, Inc. 
Fluoride Chemicals: 

American Agricultural Chemical Co. 
Blockson Chemical Co. , 


Fluoride Feeders: 
Builders-Providence, Inc. 
Omega Machine Co. 
Wallace & Tiernan Co., Inc 
Furnaces: 

Jos. G. Pollard Co., Inc. 
Furnaces, Joint Compound: 
Northrop & Co., Inc. 
Gages, Liquid Level: 
Builders-Providence, Inc 
Infilco Inc. 

Simplex Valve & Meter Co 
Gages, Loss of Head, Rate of 
Flow, Sand Expansion: 

Builders-Providence, Inc. 

Infilco Inc. 

Northrop & Co., Inc. 

Simplex Valve & Meter Co 
Sparling Meter Co., Inc. 
Gasholders: 

Chicago Bridge & Iron Co. 
Pittsburgh-Des Moines Steel Co. 
Gaskets, Rubber Packing: 
James B. Clow & Sons 

Northrop & Co., Inc 
Smith-Blair, In¢ 

Gates, Shear and Sluice: 
Armco Drainage & Meta! Products, 


In 
James B. Clow & Sons 
Morse Bros. Mchy. Co. 
Mueller Co. 
R. D. Wood Co 
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When water wells 
and pumps fail, slow up 
in production, or need any kind 


of service, Layne stands ready 
to answer your call with the 
world’s largest stock of parts 
and supplies—and the biggest 
staff of well trained and fully 
qualified service men. 


Layne can and will do your ‘q 
work with less loss of 
and with more 
efficiency than smaller companies 
can offer. Such know-how and 


efficiency keep costs lower. 
If you want a service report rab 
on your well or pump, 
address 


LAYNE & BOWLER, INC. 
General Offices, Memphis 8, Tenn. e.cccccasg 


WATER WELLS 


- VERTICAL TURBINE PUMPS— WATER TREATMENT 
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Gears, Speed Reducing: 

DeLaval Steam Turbine Co 

Philadelphia Gear Works, Inc 

Glass Standards—Colorimetric 
Analysis Equipment: 

Hellige, Inc. 

Klett Mfg. Co. 

Wallace Tiernan Co., Inc. 

Goosenecks (with or without 
Corporation Stops): 

James B. Clow & Sons 

Hays Mig. Co 

ames Jones Co. 


Mueller Co. 
A. P. Smith Mfg. Co. 


ilydrants: 

James B. Clow & 

Darling Valve & une Co. 

M. Greenberg's Sons 

Co. 
cennedy Valve Mfg. Co. 

John C. Kupferle Foundry Co 

M & H Valve & Fittings Co. 

Mueller Co. 

Pacific States Cast Iron Pipe Co. 

A. P. Smith Mfg. Co. 

Rensselaer Valve Co. 

R. D. Wood Co. 

Hydrogen lon Equipment: 

Hellige, Inc. 

Wallace & Tiernan Co., Inc 

Ion Exchange Materials: 

Cochrane Corp. 

Hungerford & Terry, Inc. 

Infileo Inc. 

Permutit Co. 

Refinite Sales Co. 

Roberts Filter Mfg. Co. 

Rohm & Haas Co. 

Iron Removal Plants: 

American Well Works 

Belco Industrial Equipment Div. 

Chain Belt Co, 

Cochrane Corp. 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infileo Inc 

Permutit 

Roberts Filter Mfg. Co. 

Walker Process Equipment, Inc. 

Welsbach Corp., Ozone Processes 
Div 

Jointing Materials: 

Atlas Mineral Products Co 

Hydraulic Development Corp 

Leadite C»., Inc. 

Northrop & Co., Inc. 

Joints, Mechanical, Pipe: 

American Cast Iron Pipe Co. 

Carson-Calillac Co. 

Cast Iron Pipe Research Assn. 

James B. Clow & Sons 

Dresser Mfg. Div 

McWane ‘ast Iron Pipe Co. 

Pacific States Cast Iron Pipe Co. 

United States Pipe & Foundry Co. 

Warren Foundry & Pine Corp 

R. D. Wood Co. 

Leak Detectors: 

Jos. G, Follard Co., Inc. 

Iime Slikers and Feeders: 

Dorr Co 

Infilco Inc. 

Omega Machine Co 
ers Fdry 

Permutit Co. 

Magnet'* Dipping Needles: 

W. S. Duley & Co. 

Meter Isoxes: 

Art Concrete Works 

Ford Meier Box Co 

Pittsburg’: Equitable Meter Div. 

Meter Couplings and Yokes: 

Badger \ eter Mfg. Co. 

Dresser “{fg. Div. 

Ford Me' er Box Co 


(Div., Build- 


ADVERTISERS’ PRODUCTS INDEX 


Commer- 


Inc. 


Hays Mfg. Co 
Hersey Mfg. Co. be 
ames Jones Co. 
Mueller Co. 
Neptune Meter Co eats. 
Pittsburgh Equitable Meter Div. 
Smith-Blair, Inc 
Worthington-Gamon Meter Co 
Meter Reading and Kecord 
Books: 
Badger Meter Mfg. Co. 
Meter Testers: 
Badger Meter Mfg. Co 
Ford Meter Box Co 
Hersey Mfg. Co 
Neptune Meter Co 
Pittsburgh Equitable Meter Div. 
Meters, Domestic: 
Badger Meter Mig. Co 
Buffalo Meter Co. bar 
Hersey Mfg. Co. 
Neptune Meter Co 
Pittsburgh Equitable Meter Div. 
Well Machinery & Supply Co. 
Worthington-Gamon Meter Co 
Meters, Filtration Plant, 
Pumping Station, 
Transmission Line: 
Builders-Providence, Inc 
Infilco Inc 
Simplex Valve & Meter Co 
Sparling Meter Co., Inc. 
Meters, Industrial, 
celal: 
Badger Meter Mfg. Co 
Buffalo Meter Co. 
Builders- Providence, 
Hersey Mfg. Co. 
Neptune Meter Co. 
Pittsburgh Equitable Meter Div 
Simplex Valve & Meter Co 
Sparling Meter Co., Inc. 
Well Machinery & Supply Co. 
Worthington-Gamon Meter Co 
Mixing Equipment: 
Chain Belt bo. 
Infileo Inc 
Walker Process Equipment, Inc 
Ozonation Equipment: 
Welsbach Corp., Ozone Processes 
Div 
Pipe, Asbestos-Cement: 
Johns-Manville Corp 
Keasbey & Mattison Co. 
Pipe, Brass: 
American Brass Co 
Pipe, Cast Iron (and Fittings): 
American Cast Iron Pi Co. 
Cast Iron Pipe Research Assn. 
James B. Clow & Sons 
Crane Co. 
McWane Cast Iron Pipe Co. 
Pacific States Cast Iron Pipe Co. 
United States Pipe & Foundry Co 
Warren Foundry & Pipe Corp 
R. D. Wood Co. 
Pipe, Cement Lined: 
Cast Iron Pipe Research Assn 
James B. Clow & Sons 
McWane Cast Iron Pipe Co. 
Pacific States Cast Iron Pipe Co. 
United States Pipe & Foundry Co 
Warren Foundry & Pipe Corp 
R. D. Wood Co 
Pipe Coatings and Linings: 
The Barrett Div 
Cast Iron Pipe Research Assn 
Centriline Corp 
Dearborn Chemical Co. 
Koppers Co., Inc. 
Reilly Tar & Chemical Corp. 
Warren Foundry & Pipe Corp 
Pipe, Concrete: 
American Concrete 
Assn. 
American Pipe & Constraction Co. 
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Lock Joint Pipe Co. 

Pipe, Copper: 

American Brass Co 

Pipe Cutting Machines: 

James B. Clow & Sons 

Ellis & Ford Mfg. Co. 

Jos. G. Pollard Co., Inc. 

A. P. Smith Mfg Co 

Pipe Jointing Materiale; 
Jointing Materials 

Pipe Locators: 

W. S. Darley & Co. 

Jos. G. Pollard Co., Inc. 

Pipe, Plastic: 

Carlon Products Corp. 

Pipe, Steel: 

Armco Drainage & Meta! Products, 


Inc 
Bethichem Steel Co. 
Pipelines, 
Boyce Co., 
Plugs, 
James B. Clow & Sons 
Jos. G. Pollard Co., Inc. 
A. P. Smith Mfg Co. 
Warren Foundry & Pipe Corp. 
Potentiometers: 
Hellige, Inc 
Pressure Regulators: 
Allis-Chalmers Mfg. Co. 
Mueller Co. 
Ross Valve Mfg. Co. 
Pumps, Boiler Feed: 
Peerless Pump Div., 
Machinery Corp. 
Pumps, Centrifugal: 
Allis-Chalmers Mfg. Co. 
American Well Works 
DeLaval Steam Turbine Co. — 
Economy Pumps, Inc. 
Morse Bros Mehy. Cc 
Peerless Pump Div., Food 
Machinery Corp. 
Worthington Pump & Machinery 
Corp. 
Pumps, Chemical Feed: 
Infilco Inc. 
Proportioneers, Inc. 
Wallace & Tiernan Co., 
Pumps, Deep Well: 
American Well Works 
Layne & Bowler, Inc 
Peerless Pump Div., Food 
Machinery Corp. 
Pumps, Diaphragm: 


Dorr Co 

Morse Bros. Mchy. Co. 

Pumps, Hydrant: 
Darley & Co 


S 
Jos. G. Pollard Co., Inc. 


Pumps, Hydraulic Booster: 
Ross Valve Mfg. Co. 
Pumps, Sewage: 
Allis-Chalmers Mfg. Co. 
DeLaval Steam Turbine Co. 
Economy Pumps, Inc. 
Peerless Pump Div., Food 
Machinery Corp. 
Pumps, Sump: 
DeLaval Steam Turbine Co 
Economy Pumps, Inc. 
Peerless Pump Div., Food 
Machinery Corp. 
Pumps, Turbine: 
DeLaval Steam Turbine Co 
Layne & Bowler, Inc 
Peerless Pump Div., Food 
Machinery Corp. 
Recorders, Gas Density, CO:, 
NHs3z, etc.: 
Permutit Co. 
Wallace & Tiernan Co., 


Inc. 
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HELLIGE 


INCORPORATED 
877 — AVENUE, GARDEN CITY, N. Y. 


HEADQUARTERS FOR 
COLORIMETRIC APPARATUS AND 
COLOR STANDARDS 


DEPENDABLE WATER CONTROL EQUIPMENT 
USED WITH CONFIDENCE... EVERYWHEE 


AQUA TESTER for 
Analyses of Water, Sewage, 
and Industrial Wastes. . . 
Employs NON-FADING Glass 
ag Color Standards . . . Uses 
COLORIMETRIC Approved A.P.H.A. and A.W.W.A. 
COMPARATORS i Methods for pH, Fluoride, 
Employing NON-FADING Iron, Phosphate, etc. 
Glass Color Standards for ma 


pH & Chlorine Control, 
and Water Analyses 


“Chromatron” 
TURBIDIMETER PHOTOELECTRIC 
Th idi COLORIMETER 
e Turbidimeter 
Without Standards ass or Water 
for amet Sewage Analyses 
MEASUREMENTS 


@ SULFATE @.. 


PORTABLE TWIN-KIT for 
ELECTRONIC Control and 
H METERS orine or Bromine 
ay Determinations of 
Swimming Pool 
Water with NON- 
FADING Glass 
Color Standards 
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Kecordlég Instruments: 
Infilco 

Sparling teter Co., Inc. 
Wallace ‘Tiernan Co., 
Keservejrs, Steel: 
Chicago & Iron Co 
Pittsburg4-Des Moines Steel Co 


Sand Iixpansion Gages; see 

Sleeves. see Clamps 

‘and Valves, Tapping: 

James B~ Clow & Sons 

M & H ‘alve & Fittings Co 

Mueller 

Kensselar. Valve Co. 

A. P. S:iith Mfg. Co 

Sludge “lanket Equipment: 

Cochran: Corp. 

Permutit “Co, 

Seda Avh: 

Solvay }ocess Div. 

Sodium Hexametaphosphate: 

Blockson-- Chemical 

Calgon, ‘ne, 

softenv+s: 

Belco In.tustrial Equipment Div. 

Cochrane. Corp. 

Dearbor Chemical Co. 

Dorr Ce 

Graver Water Conditioning Co. 

Hunger‘ord & Terry, Inc. 

Infileo ‘ne. 

Vermut'i Co. 

Refinite Sales Co. 

Roberts Filter Mig. Co 

Walker Process Equipment, Inc. 

Worthi igton Pump & Mach. Corp. 

Softentng Chemicals and Com- 
pounds: 

Calgon, Inc. 

Infileo Inc. 

Permutit Co 

Tennessee Corp. 

Standpipes, Steel: 

Chicago Bridge & Iron Co. 

Pittsburgh-Des Moines Steel Co. 

Steel Plate Construction: 

Bethlehem Steel Co. 

Chicag Bridge & Iron Co 

Pittsbu-gh-Des Moines Steel Co 

Stops, “urb and Corporation: 

Hays 

ames 


Sleeves 


Mfg. Co 

Store’? Tanks; see Tanks 
Strai ¢°s, Suction: 
Jame # Clow & Sons 
M. ( berg’s Sons 
R. Co. 
Surf@% Wash Equipment: 
Permt'®! Co. 
Pool Sterilization: 
Omeg! Machine Co. (Div., Build- 

ers ‘fon Fdry.) 
Propo: “cneers, Inc. 
Wallac’ & Tiernan Co., Inc 
Welsb« | Corp., Ozone Processes 

Div 
Tank Steel: 
Beth} Steel Co. 
Chicas”: ridge & Co 
Moines Steel Co 
Machines: 
Hays w. Co 


ISERS’ PRODUCTS INDEX 


Mueller Co. 

A. P. Smith Mfg. Co. 

Taste and Odor Removal: 

Cochrane Corp. 

Industriai Chemical Sales Div 

Infilco Inc. 

Permutit Co. 

Proportioneers, Inc. 

Wallace & Tiernan Co., Inc. 

Welsbach Corp., Ozone Processes 
Div 

Turbidimetric Apparatus (For 
Turbidity and Sulfate De- 
terminations): 

Hellige, Inc. 

Wallace & Tiernan Co., Inc 

Turbines, Steam: 

DeLaval Steam Turbine Co 

Worthington Pump & Mach. Corp. 

Turbines, Water: 

DeLaval Steam Turbine Co 

Valve Boxes: 

James B. Clow & Sons 

lord Meter Box Co 

M & H Valve & Fittings Co. 

Mueller Co. 

Pacific States Cast Iron Pipe Co. 

Rensselaer Valve Co. 

4. P. Smith Mfg. Co 

R. D. Wood Co 

Valve-Inserting Machines: 

A. P. Smith Mfg. Co. 

Altitude: 

Anderson Valve Specialty 
‘o 

Valve Mfg. Co., Inc 

Valves, Butterfly, Check, Flap, 
Foot, Hose, Mud and Plug: 

James B. Clow & Sons 

Crane Co. 

M. Greenberg’s Sons 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

R. D. Wood Co 

Valves, Detector Check: 

Hersey Mfg. Co 

Valves, Electrically Operated: 

Belco Industrial Equipment Div 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 

Anderson Valve 


Kennedy Valve Mfg. Co 
M & H Valve & Fittings Co. 
Mueller Co. 

Philadelphia Gear Works, Inc. 
Rensselaer Valve Co. 

A. P. Smith Mfg. Co 
Valves, Float: 
James B. Clow & Sons 
Golden-Anderson Valve 


Specialty 


Specialty 


0. 
Ross Valve Mfg. Co., Inc 
Valves, Gate: 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co. 
Dresser Mfg. Div. 

James pe Co. 

Kennedy Valve Mfg. Co 

M & H Valve & Fittings Co 
Mueller Co. 

Pacific States Cast Iron Pipe Co. 
Rensselaer Valve Co 
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A. P. Smith Mfg. Co. 

R. D. Wood Co. 

Hydraulically 
ate 

James “. Clow & Sons 

Crane Co. 

Darling Valve & Mfg. Co 

Golden-Anderson Valve 
0. 

Kennedy Valve Mfg. Co 

M & H Valve & Fittings Co. 

Mueller Co. 

Philadelphia Gear Works, Inc. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co 

R. D. Wood Co 

Valves, Large Diameter: 

James a Clow & Sons 

Crane 

Darling Valve & Mig. Co 

Valve Mig. Co 

M & H Valve & Fittings Co. 

Mueller Co. 

Rensselaer Valve Co. 

A. P. Smith Mfg. Co. 

R. D. Wood Co. 


Oper- 


Specialty 


Valves. Regulating: 

Crane Co. 

Golden-Anderson 
C 


Specialty 


Speciaity 


Valve 


*o. 

Ross Valve Mfg. Co 

Nalves, Swing Check: 

James B. Clow & Sons 

Crane Co. 

Darling Valve & Mig. Co 

Golden-Anderson Valve 
Co. 

M. Greenberg’s Sons 

M & H Valve & Fittings Co. 

Mueller Co. 

Kensselaer Valve Co. 

A. P. Smith Mfg. Co 

R. D. Wood Co 

Waterproofing 

Dearborn Chemical Co. 

Inertol Co., Inc. 

Water Softening 
Softeners 

Water Supply Contractors: 

Layne & Bowler, Inc 

Water Testing Apparatus: 

Hellige, Inc. 

Wallace & Tiernan Co., Inc 

Water Treatment Plants: 

Allis-Chalmers Mfg. Co. 

American Well Works 

Belco Industrial Equipment Div. 

Chain Belt Co. 

Chicago Bridge & Iron Co 

Dearborn Chemical Co. 

Dorr Co 

Graver Water Conditioning Co. 

Hungerford & Terry, Inc. 

Infilco Inc. 

Permutit Co. 

Pittsburgh-Des Moines Steel Co. 

Roberts Filter Mig. Co 

Walker Process Equipment, Inc 

Wallace & Tiernan Co., Inc 

Corp., Ozone Processes 


Plants; see 


Sealine Pump & Mach. Corp. 
Well Drilling Contractors: 
Layne & Bowler, Inc 
Wrenches, Ratchet: 
Dresser Mfg. Div 
Zeolite; see ton 
Materials 


Exchange 


A complete Buyers’ Guide to all water works products and 
services offered by A.W.W.A. Associate Members appears in 


the 1950 Membership Directory. 
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cost-conscious 
communities choose 
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ASBESTOS-CEMENT 
PRESSURE PIPE 


Installation: Colliery 

Tenn. 10,000 feet, 6 | 

Class 150" Century” asbestos 
cement pressure pipe. Construc- 
tion Engineers: Allen & Hoshall. 
Contractor: R. L. Bernado & Son. 
Both firms of Memphis, Tenn. 


OR the project pictured here, With an eye to the future, they © 

the authorities of Collierville, approvingly note that “Century” uw 
Tennessee, selected “Century” pipe never tuberculates, has high 
pipe because of the same good resistance to soil corrosion, and 
reasons that have decided so actually grows stronger as the 


many other communities. years go by! 


The pattern of decision often goes You can see why these low-cost, 
like this: the authorities concerned 


investigate suitable kinds of pipe. 
They quickly note that “Century” citizens! There are other impor- 
asbestos-cement pressure pipe is tant features, of course, and be- 
economical to buy. And, because fore you select pipe for water 
it is light in weight and easy to —‘ Mains, it will pay you to thor- 
handle, its installation is quick oughly investigate ‘“‘Century” 7 
and low in cost. asbestos-cement pressure pipe. 7 


FREE BOOKLET, “Mains Without 
Keasbey & Mattison has made it Maintenance,”’ is yours for the asking 


serve mankind since 1873 Contains data of value to anyone con- 
cerned with pipe for water mains. Write 
for your copy today. 


KEASBEY & MATTISON 


COMPANY AMBLER « PENNSYLVANIA 
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The Symbol for Service, Quality 
and Performance in Water Meters 


ROCKWELL 
EMPIRE TYPE 12 
METER 


The First Meter 
to be fully 


ar 


INTERNALLY 


HERE'S HOW IT WORKS WHEN METER FREEZES... 


All PARTS SEPARATE 


In all other meter designs the interior parts 
are bolted together and, in some, the interior 
assembly is directly attached to the 

meter casing at the stuffing box. 

In the Empire Type 12 meter alone, the 
interior castings are jointed and held together 
without the use of screws or bolts. Thus, when 
an Empire meter freezes, the bottom plate 
ings of the Empire Type 12 meter breaks and the parts all come apart. They 
ere free to seporcte when the are then free to move with the expanding ice 
frost bottom breaks so a: to pro- H i 
text egeinst domagetothe werk- and are thus protected against strain or 
ing parts from expanding ice. distortion. This money saving feature of 

Empire Type 12 meters is fully described in — 
bulletin W-802. Write for your copy today. ; 


and the EMPIRE TYPE 14 
AN ALL-BRONZE METER FOR WARM CLIMATES 


Especially designed for use below the frost belt. All-bronze construction 
presents many advantages including ability to combat electrolytic 
action. Exclusive design using oscillating piston principle has fewer 
working parts than any other meter. Described in bulletin W-801. 


ROCKWELL MANUFACTURING COMPANY 


PITTSBURGH 8, PA. Ationta Boston Chicago Houston Kansas City 
Angeles New York Pittsburgh San Francisco Seattie Tuho 
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At Dallas, Texas... 7 


and 


ca alls for conventional treatment _ 


Just like your fingerprints . . . no two water 

treatment problems are exactly alike. The answer 

to your specific problem must be determined by an 

analysis of raw water composition, rate of flow and 
ther variables. In Dallas, these factors add up to 
onventional treatment with Dorr equipment. 


Whether your problem | 
requires high-rate or con- 
ventional types of units, 
call Dorr for equipment 
recommendations to give 
you the end result you 
want. Under all types of 
conditions, throughout the 
world, Dorr installations 
are providing positive 
sludge removal . . . with 
minimum water loss. 


Interesting information 
about many types of Dorr 
water treatment equip- 
ment is in Bulletin No. 
9141. Ask us to send you a 
copy. THE DORR COM- 
PANY, Stamford, Conn. 

Every day, nearly 8 bil- 
lion gallons of water are 
treated by Dorr equipment. 


4 The Elm Fork water treatment plant at Dallas, 
Texas, treats an average flow of 64 M.G.D., 
while maximum capacity is 96 M.G.D. This 
plant uses the following Dorr equipment: 8 
Dorrco Primary Flash Mixers, 4 Dorrco Secon- 
dary Flash Mixers, 2 Dorrco Primary Floccu- 
lators*, 2 Dorrco Secondary Flocculators and 
4 Dorrco Squarex”* Crossflow Clarifiers {each 
160’ square). * Reg. U. S. Pat. OF 


“Batter tools TODAY tomorrow’ demand, 


THE DORR COMPANY «+ ENGINEERS + STAMFORD, CONN. 
Offices, Associated Companies or Representatives in principal cities in the world. 
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Permanence 
with LEADITE 


Generally speaking, most Water Mains are buried beneath 
the Earth’s surface, to be forgotten,—they are to a large 
extent, laid for permanency. Not only must the pipe itself 
be dependable and long lived,—-but the joints also must be 
tight, flexible, and long lived,—else leaky joints are apt to 
cause the great expense of digging up well-paved streets, 
beautiful parks and estates, etc. 


Thus the ‘‘jointing material’ used for bell and spigot Water 
Mains MUST BE GOOD,—MUST BE DEPENDABLE, 
and that is just why so many Engineers, Water Works Men 
and Contractors aim to PLAY ABSOLUTELY SAFE, by 
specifying and using LEADITE. 


Time has proven that LEADITE not only makes a tight 
durable joint,—-but that it improves with age. 


The pioneer self-caulking material for c. i. pipe. 
Tested and used for over 40 years. 
Saves at least 75 


THE LEADITE COMPANY 
Girard Trust Co. Bldg. Philadelphia, Pa. 
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